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TEMPERATURE DETECTING APPARATUS,
SUBSTRATE PROCESSING APPARATUS AND
METHOD OF MANUFACTURING
SEMICONDUCTOR DEVICE

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

This U.S. non-provisional patent application is a continu-
ation application of U.S. patent application Ser. No. 13/536,
418 (issued as U.S. Pat. No. 8,822,240) filed Jun. 28, 2012
and claims priority under 35 U.S.C. §119 of Japanese Patent
Application No. 2011-154941 filed on Jul. 13, 2011 and
Japanese Patent Application No. 2012-093663 on Apr. 17,
2012, in the Japanese Patent Office, the entire contents of
which are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a heat treatment technique
by which a substrate to be processed is accommodated in a
processing chamber and processing is performed in a heated
state by a heater. For example, the present invention relates to
a temperature detecting apparatus, a substrate processing
apparatus and a method of manufacturing a semiconductor
device, which are used for performing heat treatment on a
semiconductor substrate (for example, a semiconductor
wafer) on which a semiconductor integrated circuit device
(hereinafter referred to as “IC”) is fabricated, such as oxida-
tion processing or diffusion processing, or reflow processing
or annealing processing for activation or planarization of a
carrier after ions have been implanted, or film forming pro-
cessing by thermal chemical vapor deposition (CVD) reac-
tion.

2. Description of the Related Art

In manufacturing an IC, abatch type vertical heat treatment
apparatus is widely used in order to heat-treat a substrate. In
a processing furnace of the heat treatment apparatus of the
related art, a boat on which a plurality of wafers are mounted
is inserted from a lower portion thereof in a vertical reaction
tube of a substantially cylindrical shape with its upper end
closed and its lower end open and the wafers disposed on the
boat are heat-treated by a heater installed so as to surround an
outside of the reaction tube. The plurality of wafers are in a
horizontal posture on the boat, and stacked and held in a
multi-stage at a state aligned to a center of each wafer. A
soaking tube of a substantially cylindrical shape with its
upper end closed and its lower end open is installed between
the reaction tube and the heater. The soaking tube is formed
uniformly so that heat radiated form the heater to the wafer
does not vary depending on a position.

A temperature detecting tube for detecting a temperature is
installed between the soaking tube and the reaction tube, and
an output of the heater, that is, a temperature of the wafer is
controlled to a predetermined temperature based on a tem-
perature detected by the temperature detecting tube. A ther-
mocouple, which is a temperature detection device, is
inserted into an inside of the temperature detecting tube and
the thermocouple is connected to a temperature control por-
tion through a signal line. In a vertical heat treatment furnace
including a reaction tube and a heater, a technique of install-
ing a thermocouple for detecting a temperature of the pro-
cessing furnace has been disclosed (see Japanese Patent
Unexamined Application No. 2009-117618).

A method of installing a thermocouple in the related art
will be described with reference to FIGS. 12 to 15. FIG. 12 is
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a diagram illustrating a structure of a thermocouple of the
related art, and the thermocouple between a reaction tube and
a soaking tube is viewed from a center of a processing fur-
nace. FIG. 13 is a cross-sectional view taken along line A-A
of FIG. 12, and a horizontal sectional view of the thermo-
couple. FIG. 14 is a vertical sectional view viewed from the
side of the thermocouple of FIG. 12. FIG. 15 is a diagram
illustrating a support state of a thermocouple of the related art.
In an example of FIG. 12, there are five thermocouples, that is,
a first thermocouple including a thermocouple junction por-
tion 423a, a second thermocouple including a thermocouple
junction portion 4235, a third thermocouple including a ther-
mocouple junction portion 423c¢, a fourth thermocouple
including a thermocouple junction portion 4234, and a fifth
thermocouple including a thermocouple junction portion
423e. The first thermocouple and the fourth thermocouple are
inserted into a protection tube 431a, the second thermocouple
and the fifth thermocouple are inserted into a protection tube
4315, and the third thermocouple is inserted into a protection
tube 431c.

The first thermocouple is for temperature detection of an
uppermost heater (U zone heater) of the processing furnace,
the second thermocouple is for temperature detection of a
heater (CU zone heater) immediately below the U zone
heater, the third thermocouple is for temperature detection of
a heater (C zone heater) immediately below the CU zone
heater, the fourth thermocouple is for temperature detection
of a heater (CL zone heater) immediately below the C zone
heater, and the fifth thermocouple is for temperature detection
of'a lowermost heater (L. zone heater) of the processing fur-
nace.

As shown in FIG. 13, which is a cross-sectional view taken
along line A-A of FIG. 12, the fourth thermocouple is located
at the front (a central side of the processing furnace) in the
protection tube 431a, and the first thermocouple is located at
the rear. In addition, the fifth thermocouple is located at the
front in the protection tube 43154 and the second thermo-
couple is located at the rear. The cross section of an insulation
rod 432a of the first thermocouple is elliptical, two holes
penetrate through the cross section, and a thermocouple wire
421a of a plus side and a thermocouple wire 422a of a minus
side are each inserted and accommodated into the two holes.
Insulation rods 4325 to 432¢ of the second thermocouple to
the fifth thermocouple are also the same. The thermocouple
wire is a wire part of the thermocouple that converts a tem-
perature to a thermal electromotive force.

The first thermocouple is configured to include the ther-
mocouple wire 421a of the plus side and the thermocouple
wire 422a of the minus side, the thermocouple junction por-
tion 423a in which the thermocouple wire 4214 and the ther-
mocouple wire 4224 are jointed at a front end portion thereof,
the insulation rod 432« for insulating the thermocouple wire
421a and the thermocouple wire 4224 from each other, and a
cap 434a for closing an upper end of the insulation rod 432a.

FIG. 14 is a side view of the first thermocouple. As shown
in FIG. 14, in the thermocouple wire 421a and the thermo-
couple wire 4224 (the thermocouple wire 422a is not shown),
an inside of a soaking tube 221 extends in a vertical direction,
and the thermocouple junction portion 423a is installed on
upper ends thereof. In order to avoid a short circuit, the
thermocouple wire 421a and the thermocouple wire 422qa are
each accommodated in the two holes of the insulation rod
432a. The cap 434a is installed on the upper end of the
insulation rod 432a so as to seal the thermocouple junction
portion 423a. The insulation rod 432a is inserted into the
protection tube 431a, and the lower portion of the protection
tube 431a is fixed by a protection tube holder 436. In addition,
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the lower portion of the insulation rod 432a extending in the
vertical direction is in contact with the insulation rod 433a
extending in the horizontal direction, and the insulation rod
433a is fixed by the protection tube holder 436. The thermo-
couple wire 421a and the thermocouple wire 422a, which
pass through the inside of the insulation rod 432a in the
vertical direction, turn 90° from the lower end of the insula-
tion rod 432a and pass through the inside of the insulation rod
433a in a horizontal direction to be connected to a tempera-
ture control portion (not shown).

Similar to the first thermocouple, the second thermocouple
is configured to include a thermocouple wire 4215 of a plus
side and a thermocouple wire 4225 of a minus side, the
thermocouple junction portion 4235 in which the thermo-
couple wire 4215 and the thermocouple wire 4224 are jointed
at a front end portion thereof, the insulation rod 43254 for
insulating the thermocouple wire 4215 and the thermocouple
wire 4226 from each other, and a cap 4344 for closing an
upper end of the insulation rod 4325. The third thermocouple
is configured to include a thermocouple wire 421¢ of a plus
side and a thermocouple wire 422¢ of a minus side, the
thermocouple junction portion 423¢ in which the thermo-
couple wire 421¢ and the thermocouple wire 422¢ are jointed
at a front end portion thereof, the insulation rod 432¢ for
insulating the thermocouple wire 421¢ and the thermocouple
wire 422¢ from each other, and a cap 434c¢ for closing an
upper end of the insulation rod 432¢. The fourth thermo-
couple is configured to include a thermocouple wire 421d of
aplus side and a thermocouple wire 4224 of a minus side, the
thermocouple junction portion 4234 in which the thermo-
couple wire 4214 and the thermocouple wire 422d are jointed
at a front end portion thereof, the insulation rod 432d for
insulating the thermocouple wire 421d and the thermocouple
wire 422d from each other, and a cap 434d for closing an
upper end of the insulation rod 432d. The fifth thermocouple
is configured to include a thermocouple wire 421¢ of a plus
side and a thermocouple wire 422¢ of a minus side, the
thermocouple junction portion 423e in which the thermo-
couple wire 421e and the thermocouple wire 422¢ are jointed
at a front end portion thereof, the insulation rod 432e¢ for
insulating the thermocouple wire 421e and the thermocouple
wire 422¢ from each other, and a cap 434e for closing an
upper end of the insulation rod 432e.

In addition, as shown in FIG. 15, in the related art, a
thermocouple wire 421 of a plus side and a thermocouple wire
422 of a minus side are fixed by a thermocouple wire support
portion 424 disposed therebelow. More specifically, the ther-
mocouple wire 421 and the thermocouple wire 422 are bent to
have an L. shape in an L-shaped portion including an insula-
tionrod 432 and an insulation rod 433. Accordingly, the lower
portions of the thermocouple wire 421 and the thermocouple
wire 422 are substantially fixed in the vertical direction. In
addition, the thermocouple wires 421a to 421e are collec-
tively referred to as the thermocouple wire 421, the thermo-
couple wires 422a to 422¢ as the thermocouple wire 422, the
thermocouple junction portions 4234 to 423e as the thermo-
couple junction portion 423, the insulation rods 432a to 432¢
as the insulation rod 432, the insulation rods 433a to 433¢ as
the insulation rod 433, and the caps 434a to 434e as the cap
434.

FIG. 16 is a diagram illustrating an expansion and contrac-
tion state of a thermocouple of the related art, FIG. 16a
represents a standby state (500° C.) before heat treatment,
FIG. 165 represents a process state (1200° C.) during heat
treatment, and FIG. 16¢ represents a standby state (500° C.)
after heat treatment. When the standby state of FIG. 16a
comes to the heat treatment state of FIG. 1654, the thermo-
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couple wires 421 and 422 and the insulation rod 432 are
heat-expanded, and the thermocouple wires protrude from the
upper end of the insulation rod 432, such that the thermo-
couple wires 421 and 422 are lengthened by AL. Since the
protrusion amount AL is determined by an expansion differ-
ence between the thermocouple wires 421 and 422 and the
insulation rod 432, an insulation rod material of a small
expansion difference is selected. When the heat treatment
state of FIG. 165 comes to the standby state of FIG. 16¢, the
thermocouple wires 421 and 422 are heat contracted, such
that the thermocouple wires 421 and 422 are shortened by AL
to thus return to an original length.

When heat expansion and heat contraction are repeated, a
displacement or entanglement in grain boundaries of the ther-
mocouple wire 421 or 422 occurs due to a self-weight of the
thermocouple wire 421 or 422, or a change over time such as
a frictional force with the insulation rod 432. The displace-
ment of grain boundaries means that crystal grains of the
thermocouple wire 421 or 422 are bloated by heat treatment,
and thus grain boundaries between adjacent grains are devi-
ated by stress due to the heat expansion and heat contraction.
FIG. 17 is a diagram illustrating a state in which a thermo-
couple of the related art is broken, FIG. 17q illustrates a
standby state, and FIG. 175 illustrates heat treatment state.
When the standby state of FIG. 174 and the heat treatment
state of FIG. 175 are repeated, a wire deformation portion 411
is generated, for example, because the thermocouple wire 422
is stretched, and a frictional force with the insulation rod 432
is increased. In addition, the insulation rod 432 is spaced
upwardly from the insulation rod 433. In addition, when
changes progress over time, as shown in FIG. 17¢, during the
heat contraction, a binding force in which the thermocouple
wire 422 is bound to the insulation rod 432 become stronger,
and thus tensile stress to the thermocouple wire 421 increases.
Eventually, the tensile strength of the thermocouple wire 422
becomes excessive, and thus the thermocouple wire 421 is
disconnected in a disconnection portion 412.

In addition, in the thermocouple installing method of the
related art, as described above, since the lower portion of the
thermocouple wire 421 or 422 is fixed, the position of the
thermocouple junction portion 423, that is, the temperature
measurement position is significantly changed by the heat
expansion of the thermocouple wire 421 or 422. For example,
when a length of the thermocouple wire is 1,500 mm and an
ambient temperature is about 1,200° C., the temperature mea-
surement position is shifted by about 19 mm. For this reason,
accurate temperature measurement is difficult, and appropri-
ate temperature control is not easy.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a tem-
perature detecting apparatus or a substrate processing appa-
ratus capable of suppressing disconnection of a thermocouple
wire or positional deviation of a thermocouple junction por-
tion caused by change over time.

According to one aspect of the present invention, there is
provided a temperature detecting apparatus including: an
insulation rod installed to extend in a vertical direction and
including a through-hole in vertical direction; a thermocouple
wire inserted in the through-hole of the insulation rod, the
thermocouple wire including a thermocouple junction por-
tion at an upper end thereof and an angled portion at a lower
end of the insulation rod; and a buffer area installed below the
insulation rod and configured to suppress a restriction of a
horizontal portion of the angled portion upon heat expansion,
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wherein an upper portion of the thermocouple wire or a
middle portion in the vertical direction are supported by the
insulation rod.

According to the configuration, disconnection of a thermo-
couple wire or positional deviation of a thermocouple junc-
tion portion caused by change over time can be suppressed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an oblique perspective view of a substrate pro-
cessing apparatus in an embodiment of the present invention;

FIG. 2 is a vertical sectional view of a processing furnace in
an embodiment of the present invention;

FIG. 3 is a diagram illustrating a support state of a thermo-
couple in a first embodiment of the present invention;

FIG. 4 is a diagram illustrating a structure of the thermo-
couple in the first embodiment of the present invention;

FIG. 5 is a horizontal sectional view of the thermocouple of
FIG. 4,

FIG. 6 is a diagram illustrating a support state of a thermo-
couple in a second embodiment of the present invention;

FIG. 7 is a diagram illustrating a structure of the thermo-
couple in the second embodiment of the present invention;

FIG. 8 is a diagram illustrating an expansion and contrac-
tion state of the thermocouple in the second embodiment of
the present invention;

FIG. 9 is a diagram illustrating a support state of a thermo-
couple in a third embodiment of the present invention;

FIG. 10 is a diagram illustrating a structure of the thermo-
couple in the third embodiment of the present invention;

FIG. 11 is a horizontal sectional view of the thermocouple
of FIG. 10;

FIG. 12 is a diagram illustrating a structure of a thermo-
couple of the related art;

FIG. 13 is a horizontal sectional view of the thermocouple
of FIG. 12;

FIG. 14 is a vertical sectional view seen from a side of the
thermocouple of FIG. 12;

FIG. 15 is a diagram illustrating a support state of the
thermocouple of the related art;

FIG. 16 is a diagram illustrating an expansion and contrac-
tion state of the thermocouple of the related art;

FIG. 17 is a diagram illustrating a state in which the ther-
mocouple of the related art is broken;

FIG. 18 is a diagram illustrating a support state of a ther-
mocouple in a fourth embodiment of the present invention;

FIG. 19 is a diagram illustrating an example of a structure
of the thermocouple in the fourth embodiment of the present
invention;

FIG. 20 is a horizontal sectional view of the thermocouple
of FIG. 19;

FIG. 21 is a diagram illustrating another example of the
structure of the thermocouple in the fourth embodiment of the
present invention; and

FIG. 22 is an exemplary flowchart of a method of manu-
facturing a semiconductor substrate device or a substrate
processing method according to the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Embodiment of the Present Invention

In the first embodiment of the present invention, as one
process in manufacturing processes of a semiconductor
device (such as an IC), a configuration example of a substrate
processing apparatus that performs a substrate processing
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process by heat treatment will be described with reference to
FIG. 1. FIG. 1 is an oblique perspective view of a substrate
processing apparatus in first to fourth embodiments of the
present invention. As shown in FIG. 1, a substrate processing
apparatus 10 according to each embodiment of the present
invention includes a housing 101. In addition, in each
embodiment of the present invention, in order to transfer a
wafer 200, which is a substrate formed of silicon, into and out
of the housing 101, a cassette 110 is used as a wafer carrier
(substrate accommodating unit).

A cassette stage 105 is installed on a front side of the
housing 101. The cassette 110 is loaded and placed on the
cassette stage 105, and unloaded from the cassette stage 105
to the outside of the housing 101, by a transfer device (not
shown) in a process outside the housing. A cassette shelf 114
is substantially installed at an approximately central portion
in the housing 101 in the front to rear direction. The cassette
shelf 114 stores a plurality of cassettes 110. A transfer shelf
123, which is a part of the cassette shelf 114, is installed, and
the cassette 110, which is a transfer target of a wafer transfer
mechanism 112 to be described later, is accommodated on the
transfer shelf 123. The cassette transfer device 115 is installed
between the cassette stage 105 and the cassette shelf 114. The
cassette transfer device 115 transfers the cassette 110 among
the cassette stage 105, the cassette shelf 114 and the transfer
shelf 123.

The wafer transfer mechanism 112 is installed at a rear of
the cassette shelf 114. The wafer transfer mechanism 112
accommodates the wafer 200 in the cassette 110 on the trans-
fer shelf 123 by charging the wafer 200 in a boat 217 (sub-
strate holding unit) to be described later, or discharging the
watfer 200 from the boat 217 after the wafer 200 is picked up
from the cassette 110 on the transfer shelf 123.

A processing furnace 202 is installed at a rear upper part of
the housing 10. A lower end portion of the processing furnace
202 is configured to be closed and opened by a furnace throat
shutter 116. A configuration of the processing furnace 202
will be described later. A boat elevator 115 is installed at a
lower part of the processing furnace 202 as an elevating
mechanism to transport the boat to the inside or the outside of
the processing furnace 202 by elevating the boat 217. An arm
122 is installed as an elevating stand on the boat elevator 121.
A seal cap 219 is installed on the arm 122 in a horizontal
posture. The seal cap 219 supports the boat 217 in a vertical
direction and functions as a cover for tightly closing the lower
end portion of the processing furnace 202 when the boat 217
is elevated by the boat elevator 121. A configuration of the
boat 217 will be described later.

(Configuration of Processing Furnace)

Subsequently, a configuration of the processing furnace
202 according to the first to fourth embodiments of the
present invention will be described with reference to FIG. 2.
FIG. 2 is a vertical sectional view of a processing furnace of
a substrate processing apparatus. In this embodiment, the
processing furnace 202 is configured as a heat treatment
furnace having a batch type vertical hot wall form.

(Reaction Tube and Soaking Tube)

The processing furnace 202 includes a vertical type reac-
tion tube 222 at the inside of thereof. The reaction tube 222
has a substantially cylindrical shape with its upper end closed
and its lower end open, and is disposed in a vertical direction
so that the opened lower end faces the lower portion and the
central line of the cylindrical direction is vertical. A process-
ing chamber 204 is disposed in the reaction tube 222 to
process a plurality of wafers 200 by accommodating the
watfers 200, which are stacked in a multi-stage in the horizon-
tal posture by the boat 217 as a substrate holding unit. An
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inner diameter of the reaction tube 222 is set to be larger than
a maximum outer diameter of the boat 217 holding a group of
the wafers 200. In this example, the reaction tube 222 is
integrally molded in a substantially cylindrical shape of a
material having high heat resistance such as quartz (SiO,) or
silicon carbide (SiC).

A soaking tube 221, which is to uniformize heat radiated
form a heater unit 208 to be described later to the reaction tube
222, is installed on the outside of the reaction tube 222. The
soaking tube 221 has a substantially cylindrical shape with its
upper end closed and its lower end open, and is disposed in a
vertical direction so that the opened lower end faces the lower
portion and the central line of the cylindrical direction is
vertical, similar to the reaction tube 222. The soaking tube
221 is larger than the reaction tube 222 and has a shape
substantially similar to the reaction tube 222 to cover the
reaction tube 222 concentrically so as to surround the outside
of'the reaction tube 222. The lower end portion of the soaking
tube 221 is supported by a base 209 made of a metal material
that is a part of the housing 101. In this example, the soaking
tube 221 is integrally molded in a substantially cylindrical
shape of a material having high heat resistance such as quartz
(Si0,) or silicon carbide (SiC).

The lower end portion of the reaction tube 222 is tightly
sealed by a manifold 206 in which a horizontal cross section
has a substantially circular ring shape. For maintenance work
and cleaning work, the reaction tube 222 is detachably
installed on the manifold 206. Since the manifold 206 is
supported by the housing 101, the reaction tube 222 is
installed in the housing 101 in the vertical direction. A lower
end opening of the manifold 206 constitutes a furnace throat
205 for inserting or removing the boat 217 holding the group
of the wafers 200.

(Substrate Holding Unit)

The manifold 206 is in contact with a seal cap 29 for
closing the lower end opening of the manifold 206 from a
vertical lower part. The seal cap 219 is formed in a disk shape
having an outer diameter equal to or greater than that of the
reaction tube 222 and configured to be elevated in the vertical
direction, while the disk shape is maintained in the horizontal
posture by the boat elevator 121 installed on the outside of the
reaction tube 222 in the vertical direction. The boat 217 as the
substrate holding unit holding the wafers 200 is supported on
the seal cap 219 in the vertical direction. The boat 217
includes a pair of top and bottom end plates and a plurality of,
in this example, three, wafer holding members (boat prop)
installed across both of the plates in the vertical direction. The
end plates and the wafer holding members are made of a
material having high heat resistance such as quartz (SiO,) or
silicon carbide (SiC), for example.

A plurality of holding grooves engraved in the horizontal
direction are installed in each wafer holding member at regu-
lar intervals across the longitudinal direction. Each wafer
holding member is installed such that holding grooves are
opposite to each other and vertical positions (vertical direc-
tion position) of the holding groove of each wafer holding
member are matched. The peripheries of the wafer 200 are
inserted into the holding grooves of the same stage in the
plurality of wafer holding members and thus, the plurality of
watfers 200 (for example, about 50 to 150) are in a horizontal
posture and stacked and held in a multi-stage and in a vertical
direction in a state in which centers of the wafers are aligned
each other.

In addition, a heat insulating cylinder 210 is installed
between the boat 217 and the seal cap 219. The heat insulating
cylinder 210 is made of a material having high heat resistance
such as quartz (Si0,) or silicon carbide (SiC), for example.
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By the heat insulating cylinder 210, heat transferred from the
heater unit 208 to the manifold 206 side can be suppressed, as
described later.

A boat rotation mechanism 237 rotating the boat 217 is
installed on a lower part (on the opposite side of the process-
ing chamber 204) of the seal cap 219. A boat rotating shaft of
the boat rotation mechanism 237 supports the boat 217 from
a lower portion thereof through the seal cap 219. By rotating
the boat rotating shaft, the wafers 200 can rotate in the pro-
cessing chamber 204. The seal cap 219 is configured to be
elevated by the above-described boat elevator 121 in the
vertical direction, and thus the boat 217 can be transferred to
the inside and outside of the processing chamber 204. The
boat rotation mechanism 237 and the boat elevator 121 are
electrically connected to a control unit 280. The control unit
280 controls the boat rotation mechanism 237 and the boat
elevator 121 so as to perform a desired operation at a desired
timing.

(Heater Unit)

Theheater unit 208, as a heating mechanism which entirely
heats the inside of the reaction tube 222 uniformly or at a
predetermined temperature distribution, is installed on the
outside of the soaking tube 221 to surround the soaking tube
221. The heater unit 208 is vertically installed by being sup-
ported on the housing 101 of the substrate processing appa-
ratus 10, for example, configured to include a resistance heat-
ing heater such as a carbon heater.

(Temperature Detecting Apparatus)

A protection tube 31, which protects a built-in thermo-
couple of a temperature measuring device, is installed to
extend between the soaking tube 221 and the reaction tube
222 in a vertical direction. The lower end of the protection
tube 31 is supported and fixed by a protection tube holder 36.
The protection tube 31 has a cylindrical shape and is made of
a material having high heat resistance such as silicon carbide
(SIC) to a length of about 1,500 mm and an outer diameter of
about 8 mm, and the upper end thereof can be closed and the
lower end includes an opening portion. An insulation rod that
accommodates the thermocouple wire is inserted through the
opening portion. Thus, the thermocouple wire is configured
not to be spread by pollutant from the insulation rod or the
thermocouple, while being exposed to corrosive gas. The
insulation rod or the thermocouple wire will be described
later. The protection tube holder 36 is made of alumina or
stainless and the like and includes a vertical part that supports
the protection tube 31, and a horizontal part into which a
thermocouple wire is inserted and guided to the outside of the
processing chamber 204.

Atmospheric air is circulated through a space between the
soaking tube 221 and the reaction tube 222 and the space is
tightly separated from the inside of the processing chamber
204. In addition, the space is configured as a structure in
which the processing gas does not penetrate into the space and
air in the space between the soaking tube 221 and the reaction
tube 222 does not penetrate into the processing chamber 204.
The heater unit 208 and thermocouple are electrically con-
nected to the control unit. The control unit 280 controls elec-
tric power to the heater unit 208, such that atemperature of the
inside of the processing chamber 204 may be distributed at a
desired timing and a desired temperature based on a tempera-
ture detected by thermocouple.

In the first embodiment, as shown in FIG. 3, the thermo-
couple wire 21 and the upper end of the thermocouple wire 22
are supported in the thermocouple wire support portion 24.
FIG. 3 is a diagram illustrating a support state of a thermo-
couple in a first embodiment of the present invention. The
thermocouple wire support portion 24 is an upper end 32k of
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a wall portion between two through-holes installed in an
insulation rod 32 to be descried later in order for the thermo-
couple wires 21 and 22 to pass therethrough. In addition, even
upon heat expansion, a lower portion of the thermocouple
wire is maintained in a free state in which the lower portion is
not bound. By this configuration, upon heat expansion, since
the thermocouple wire 21 and the thermocouple wire 22 can
maintain a linear shape by a self-weight, partially bending or
receiving a binding force can be suppressed. As a result, a
large frictional force generated between the thermocouple
wires 21 and 22 and the insulation rod 32 can be suppressed.
This configuration will be described in detail below.

FIG. 4 is a diagram illustrating a structure of a temperature
detecting apparatus in the first embodiment of the present
invention. FIG. 4qa is a diagram in which a thermocouple
between a reaction tube and a soaking tube is viewed from a
center of the processing furnace. FIG. 45 is a vertical cross-
sectional view of the temperature detecting apparatus of FIG.
44 from a side thereof. FIG. 5 is a horizontal sectional view
taken along A-A of FIG. 4. In the first embodiment, as shown
in FIG. 4a, there are three protection tubes of the thermo-
couple, that is, a protection tube 31a, a protection tube 315,
and a protection tube 31c. A lower end of each protection tube
is supported by the protection tube holder 36. More specifi-
cally, the protection tube holder 36 is fixed to the substrate
processing apparatus 10 of the housing 101 through a part,
and the protection tube 31 is inserted and fixed thereinto to be
held upright.

In addition, the thermocouple wire 21 of a plus side and the
thermocouple wire 22 of a minus side are accommodated, and
the insulation rod 32 for insulating the thermocouple wires 21
and 22 from each other is inserted in each protection tube 31
oneby one. As shown in FIGS. 4a and 45, the lower end of the
insulation rod 32 is inserted and supported in the insulation
rod stopper 33. The lower end of the insulation rod stopper 33
is supported by a bottom portion of the protection tube holder
36. Materials of the insulation rod 32 and the insulation rod
stopper 33 are, for example, alumina. Materials of the ther-
mocouple wire 21 of the plus side and the thermocouple wire
22 of the minus side are, for example, a platinum-rhodium
alloy and platinum, respectively.

In addition, protection tubes 31a to 31c are collectively
referred to as the protection tube 31. Meanwhile, as described
later, thermocouple wires 21a to 21e are collectively referred
to as the thermocouple wire 21, thermocouple wires 22a to
22¢ as the thermocouple wire 22, thermocouple junction por-
tions 23a to 23e as the thermocouple junction portion 23,
insulation rods 32a to 32c¢ as the insulation rod 32, insulation
rod stoppers 33a to 33c as the insulation rod stopper 33, and
caps 34a to 34c as the cap 34.

In the first embodiment, the thermocouple is disposed on
five zone heaters of the processing furnace, respectively. The
first thermocouple is for temperature detection of the upper-
most heater (U zone heater) of the processing furnace, the
second thermocouple is for temperature detection of the
heater (CU zone heater) immediately below the U zone
heater, the third thermocouple is for temperature detection of
the heater (C zone heater) immediately below the CU zone
heater, the fourth thermocouple is for temperature detection
of'the heater (CL zone heater) immediately below the C zone
heater, and the fifth thermocouple is for temperature detection
of the lowermost heater (I zone heater) of the processing
furnace.

The first temperature detecting apparatus including the first
thermocouple is configured to include the thermocouple wire
21a of the plus side and the thermocouple wire 22a of the
minus side, the thermocouple junction portion 23¢a in which
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the thermocouple wire 21a and the thermocouple wire 22a
are jointed at the front end portion thereof, the insulation rod
32a for insulating the thermocouple wires 21a and 224 from
each other, the cap 34a for closing the upper end of the
insulation rod 32a, the insulation rod stopper 334, the protec-
tion tube 31a, and the protection tube holder 36. The second
temperature detecting apparatus including the second ther-
mocouple is configured to include a thermocouple wire 215
of the plus side and a thermocouple wire 226 of the minus
side, a thermocouple junction portion 235 in which the ther-
mocouple wire 215 and the thermocouple wire 22b are
jointed at the front end portion thereof, an insulation rod 325
for insulating the thermocouple wires 215 and 225 from each
other, a cap 345 for closing the upper end of the insulation rod
32b, an insulation rod stopper 335, the protection tube 315,
and the protection tube holder 36. The third temperature
detecting apparatus including the third thermocouple is con-
figured to include a thermocouple wire 21d of the plus side
and a thermocouple wire 224 of the minus side, a thermo-
couple junction portion 234 in which the thermocouple wires
21d and 22d are jointed at the front end portion thereof, the
insulation rod 32a for insulating the thermocouple wires 214
and 22d from each other, the cap 34a for closing the upper end
of the insulation rod 32a, the insulation rod stopper 33a, the
protection tube 31a, and the protection tube holder 36. The
fourth temperature detecting apparatus including the fourth
thermocouple is configured to include a thermocouple wire
21e of the plus side and a thermocouple wire 22¢ of the minus
side, the thermocouple junction portion 234 in which the
thermocouple wires 21e and 22e are jointed at the front end
portion thereof, the insulation rod 325 for insulating the ther-
mocouple wires 21e and 22¢ from each other, the cap 345 for
closing the upper end of the insulation rod 325, the insulation
rod stopper 334, the protection tube 315, and the protection
tube holder 36. The fifth temperature detecting apparatus
including the fifth thermocouple is configured to include a
thermocouple wire 21c¢ of the plus side and a thermocouple
wire 22¢ of the minus side, a thermocouple junction portion
23¢ in which the thermocouple wires 21¢ and 22¢ are jointed
at the front end portion thereof, the insulation rod 32¢ for
insulating the thermocouple wires 21¢ and 22¢ from each
other, the cap 34¢ for closing the upper end of the insulation
rod 32¢, the insulation rod stopper 33¢, the protection tube
31c, and the protection tube holder 36.

Referring to FIG. 4a, the thermocouple junction portion
23a for the first thermocouple is disposed at a position of the
cap 34a of a front end of the insulation rod 324, the thermo-
couple junction portion 235 for the second thermocouple is
disposed at a position of the cap 345 of a front end of the
insulation rod 325, the thermocouple junction portion 23d for
the third thermocouple is disposed at a position of the middle
of the insulation rod 32a, the thermocouple junction portion
23e for the fourth thermocouple is disposed at a position of
the middle of the insulation rod 324, and the thermocouple
junction portion 23¢ for the fifth thermocouple is disposed at
the position of the cap 34c¢ of the front end of the insulation
rod 32¢.

As shown in FIG. 4 or 5, the insulation rod 32a is inserted
in the protection tube 31a. The insulation rod 325 is inserted
in the protection tube 315. The insulation rod 32¢ is inserted
in the protection tube 31¢. In the protection tube holder 36, the
lower end of the insulation rod 32a is supported by the insu-
lation rod stopper 334, the lower end of the insulation rod 325
is supported by the insulation rod stopper 335, and the lower
end of the insulation rod 32¢ is supported by the insulationrod
stopper 33c.
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As shown in FIG. 5, the cross section of the insulation rod
32a is circular, four holes penetrate the cross section, and the
thermocouple wires 21a and 22a for the first thermocouple
and the thermocouple wires 214 and 224 for the third ther-
mocouple are inserted and accommodated in the four holes.
In addition, the cross section of the insulation rod 325 is
circular, four holes penetrate the cross section, and the ther-
mocouple wires 215 and 224 for the second thermocouple
and the thermocouple wires 21e and 22e¢ for the fourth ther-
mocouple are inserted and accommodated in the four holes.
In addition, the cross section of the insulation rod 32c¢ is
circular, four holes penetrate the cross section, and the ther-
mocouple wires 21¢ and 22¢ for the fifth thermocouple are
inserted and accommodated in the two holes of the four holes.

As shown in FIG. 5, which is a cross sectional view taken
along line A-A of FIG. 4a, the third thermocouple is located
at the front (a central side of the processing chamber 204) in
the insulation rod 32a, and the first thermocouple is located at
the rear. In addition, the fourth thermocouple is located at the
front in the insulation rod 325 and the second thermocouple is
located at the rear.

FIG. 454 is a side view of the protection tube 31a or protec-
tion tube holder 36 and is also a side view of the first thermo-
couple and the third thermocouple. FIG. 4¢ is a vertical cross-
sectional enlarged view near the thermocouple junction
portion 23a of'the first thermocouple located on the upper end
of the insulation rod 324. FIG. 44 is a vertical cross-sectional
enlarged view near the thermocouple junction portion 23d of
the third thermocouple located on a middle of the upper and
lower ends of the insulation rod 32a. As shown in FIG. 4¢, in
the thermocouple wire 21a and the thermocouple wire 22a
(the thermocouple wire 224 is not shown), an inside of the
insulation rod 32a extends in the vertical direction and the
thermocouple junction portion 23a is installed on the upper
end. A portion of the insulation rod 32a in which the thermo-
couple junction portion 23a¢ is installed has a cylindrical
shape that leaves only an outer periphery of the insulation rod
32a and the thermocouple junction portion 23a is supported
by an upper end (corresponding to 32k of FIG. 3) of a wall
portion of the insulation rod 324 at aboundary between a hole
for the thermocouple wire 21a and a hole for the thermo-
couple wire 22a.

In addition, as shown in FIG. 44, in the thermocouple wire
21d and the thermocouple wire 22d (the thermocouple wire
22d is not shown), an inside of the insulation rod 32a extends
in the vertical direction, and the thermocouple junction por-
tion 234 is installed in a middle portion of the insulation rod
32a located at the upper end thereof. A portion of the insula-
tion rod 32a in which the thermocouple junction portion 234
is installed has a shape in which a part of the outer periphery
of the insulation rod 324 and a boundary between a hole for
the thermocouple wire 214 and a hole for the thermocouple
wire 22d are removed. The thermocouple junction portion
23d is supported by an upper end (corresponding to 32k of
FIG. 3) of a wall portion of the insulation rod 324 at a bound-
ary between a hole for the thermocouple wire 214 and a hole
for the thermocouple wire 22d. The part of the outer periphery
of the insulation rod 32a described above is a portion facing
a center side of the processing chamber 204.

As shown in FIG. 44, other ends of the thermocouple wire
21a and the thermocouple wire 22a and other ends of the
thermocouple wire 21d and the thermocouple wire 224 are
output from the lower end of the insulation rod 32a in the
vertical direction and inserted into the wire holding portion 35
in the horizontal direction to be connected to a temperature
control portion (not shown) other than the processing cham-
ber 204 in the protection tube holder 36 of a hollow structure.
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The thermocouple wires are covered with heat resistant insu-
lating tubes (for example, a tube made of ceramic fiber or
glass fiber, etc.) up to about 800° C. in the protection tube
holder 36 and thus are isolated from each other. In addition,
FIG. 4b illustrates only the thermocouple wire 21d. However,
since the thermocouple wires 22d, 21a and 22a or the ther-
mocouple wires 215, 225, 21e and 22e within the insulation
rod 325, or the thermocouple wires 21¢ and a 22¢ also are the
same as the thermocouple wire 214, hereinafter, the thermo-
couple wire 21d will be described below.

After the thermocouple wire 214 is output below from the
lower end of the insulation rod 32a in the vertical direction,
the thermocouple wire 21d is changed in the horizontal direc-
tion, and is input from one end 35a of the wire holding portion
35 (a central side of the processing chamber 204) to the wire
holding portion 35. A distance from the one end 35a to the
bottom portion of the protection tube holder 36 ranges from
10 mm to 15 mm. In addition, a buffer area 38 in which the
thermocouple wire 21d is not bound to the protection tube
holder 36 upon heat expansion is formed in the protection
tube holder 36. A state in which the thermocouple wire 21d is
not bound to the protection tube holder 36 means, for
example, a state in which the thermocouple wire 214 does not
come into a bottom portion of the protection tube holder 36
upon heat expansion, or force leading to disconnection is not
applied to the bottom portion even when in contact with the
bottom portion. The insulation rod stopper 33 supports the
bottom portion of the insulation rod 32 at a position higher
than the bufter area 38, that is, at a position higher than one
end 35a of the wire holding portion 35. Accordingly, a wider
buffer area can be easily obtained. The insulation rod stopper
33a may be configured such that the inside thereof is pen-
etrated in the vertical direction, and the thermocouple wire
21d from the lower end of the insulation rod 32a is guided to
the buffer area 38 through the through-hole. Thus, the ther-
mocouple wire can easily maintain the linear shape in the
vertical direction, and the binding force received from the
insulation rod stopper can be suppressed.

Accordingly, a position 35a of the wire holding portion 35
input by the thermocouple wire 214 and a position of the
lower end of the insulation rod 32 output by the thermocouple
wire 21d are set to be equal to or greater than about 10 mm
from the bottom portion of the protection tube holder 36. That
is, it is supported at a position higher than the buffer arca 38
upon heat expansion. The thermocouple wire 214 is in contact
with the bottom portion of the protection tube holder 36 and
binding of a force leading to disconnection can be suppressed.
In FIG. 44, within the buffer area 38, the thermocouple wire
21d is indicated by a solid line in a standby state (500° C.)
before and after the heat treatment, and the thermocouple
wire 21d is indicated by dashed line in a process state (1,200°
C.) during the heat treatment.

In addition, the thermocouple wire 21d is fixed by a
ceramic adhesive in the wire holding portion 35. This is to be
provided such that the thermocouple wire 21d in the buffer
area 38 does not to pull from the outside of the processing
chamber 204.

As described above, the thermocouple junction portion 23
is supported at the upper end or the middle portion of the
insulation rod 32, the insulation rod 32 is supported by the
insulation rod stopper 33, and the insulation rod stopper 33 is
supported by the protection tube holder 36. That is, the upper
ends of the thermocouple wires 21 and 22 are supported by
the insulation rod 32 or the like. In addition, in the thermo-
couple wires 21 and 22, a portion output from the lower end
of the insulation rod 32 is in state in which it is not bound to
the bottom portion or the like of the protection tube holder 36
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in the buffer area 38. Therefore, upon heat expansion, the
thermocouple wires 21 and 22 can maintain the linear shape
by a self-weight, and partial bending can be suppressed. As a
result, a large frictional force generated between the thermo-
couple wires 21 and 22 and the insulation rod 32 can be
suppressed and disconnection of the thermocouple wires 21
and 22 can be suppressed. In addition, a linear expansion
coefficient of the insulation rod 32 is adopted to be smaller
than those of the thermocouple wires 21 and 22 and thus a
change in the position, that is, a change in a temperature
measurement position, of the thermocouple junction portion
23 due to heat expansion can be reduced to be smaller than
that of the related art. For example, a linear expansion coef-
ficient of the insulation rod 32 is 8.1x10~%° C., a linear
expansion coefficient of the thermocouple wire 21 is 10.2x
107%/° C., and a linear expansion coefficient of the thermo-
couple wire 22 is 10.6x107%° C.

(Gas Supply System)

A gas supply system will be described with reference to
FIG. 2. As shown in FIG. 2, a gas nozzle 224 that supplies a
processing gas into the processing chamber 204 is installed
along a side wall of the reaction tube 222 and an opening
portion 224aq is installed at an upper portion of the reaction
tube 222. A processing gas supply pipe 225 is connected to the
gas nozzle 224. A processing gas supply unit 226 is connected
to the processing gas supply pipe 225. The processing gas
supply unit 226 includes a processing gas supply source that
supplies the processing gas, a mass flow controller (MFC) as
a flow control device, and an opening and closing valve, in
order from an upstream side. The processing gas supply unit
is mainly configured to include the gas nozzle 224, the pro-
cessing gas supply pipe 225, and the processing gas supply
unit 226. The MFC or opening and closing valve of the
processing gas supply unit 226 is electrically connected to the
control unit 280. The control unit 280 controls the MFC and
the opening and closing valve such that a type of gas to be
supplied into the processing chamber 204 may be supplied as
a desired gas species at a desired timing, and flow to be
supplied becomes a desired flow at a desired timing.

(Gas Exhaust System)

An exhaust pipe 231 that exhausts an atmosphere from an
inside of the processing chamber 204 is connected to a part of
a side wall of a manifold 206. A pressure sensor 236, as a
pressure detector, and an auto pressure controller (APC)
valve 232, as a pressure regulator, are installed in the exhaust
pipe 231 in order from an upstream side. A vacuum pump 234
is connected to downstream of the APC valve 232 through an
exhaust pipe 233 as a vacuum exhaust device. An exhaust
portion that exhausts gas from the reaction tube 222 is mainly
configured to include the exhaust pipe 231, the APC valve
232, and the vacuum pump 234. The APC valve 232 and the
pressure sensor 236 are electrically connected to the control
unit 280. The control unit 280 controls an opening degree of
the APC valve 232 such that a pressure within the processing
chamber 204 becomes a desired pressure at a desired timing,
based on pressure values detected by the pressure sensor 236.

(Controller)

A control unit 280 includes an operation portion or an input
and output portion, which is not shown, and is electrically
connected to each configuration portion of a substrate pro-
cessing apparatus 10 to control each configuration portion of
the substrate processing apparatus 10. The control unit 280
commands temperature control or pressure control, flow con-
trol and mechanical driving control based on a recipe that
represents a control sequence of a process such as a film
forming process on a time axis.
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(Substrate Processing Operation According to this
Embodiment)

Next, a substrate processing operation according to the
embodiment of the present invention will be described as an
example of a film forming process. FIG. 22 is an exemplary
flowchart of a method of manufacturing a semiconductor
substrate device or a substrate processing method according
to the present invention. The substrate processing operation is
controlled by a controller 280. First, in wafer charging, wafers
200 are loaded into a boat 217. A plurality of wafers 200 are
loaded and aligned in parallel with each other horizontally
and in a multi-stage with their centers aligned while being
charged in the boat 217. Next, in a boat loading step, a boat
217 that loads and holds the plurality of wafers 200 are
transported (boat loading) in the processing chamber 204
(boat accommodating process, S100 of FIG. 22).

Subsequently, in a reduced pressure step, a pressure of an
inside of a reaction tube 222 is reduced to a predetermined
vacuum degree by a vacuum pump 234 through the exhaust
pipe 231, and in a raised temperature step, a temperature of
the inside of the reaction tube 222 is elevated to a predeter-
mined temperature by a heater unit 208, based on a tempera-
ture measured by a temperature detecting apparatus (heating
process, S200 FIG. 22).

Next, in a film forming step, a predetermined source gas is
supplied into a gas nozzle 224 and introduced into a process-
ing chamber 204, while a boat 217 is rotated. A source gas
introduced into the processing chamber 204 is flowed into the
reaction tube 222, and exhausted through an exhaust pipe 231
opened to a manifold 206. Thus, film forming of surfaces of
the wafers 200 is accomplished by the source gas flowing
parallel to a space between the wafers 200 that adjoin up and
down, while the source gas is in contacted with the surface of
the wafers 200 (substrate processing process, S300 of FIG.
22).

After a desired film forming process is performed, supply
of'the source gas is stopped. In addition, after an inside of the
processing chamber 204 is returned to an atmospheric pres-
sure by an inert gas, a seal cap 219 is moved below and thus
a lower end of the processing chamber 204 is opened, and a
group of the wafers 200 processed in a state held in the boat
217 are transported (boat unloading) from the processing
chamber 204 to the outside thereof, in a boat unloading step
(substrate unloading process, S400 of FIG. 22).

According to the first embodiment, at least one of the
following effects (1) to (7) can be obtained. (1) The thermo-
couple wire is supported at an upper portion thereof, and a
buffer area is provided below the thermocouple wire. Thus,
since a lower portion of the thermocouple wire is not bound
by a bottom portion or the like of other members, for example,
a protection tube holder, the thermocouple wire can maintain
a linear shape by a self-weigh, partial bending can be sup-
pressed, and disconnection of the thermocouple wire can be
suppressed. (2) Since a height of alower end of the insulation
rod accommodating the thermocouple wire and a height of a
wire holding portion fixing a portion of the thermocouple
wire are set to be equal to or greater than 10 mm from a bottom
portion of the protection tube holder, a sufficient buffer area
can be easily provided below the thermocouple wire. (3)
Since the lower end of the insulation rod accommodating the
thermocouple wire is supported at a position higher than the
wire holding portion fixing the portion of the thermocouple
wire, a wider buffer area can be easily provided. (4) Since a
through hole is provided at the insulation rod stopper in a
vertical direction and the thermocouple wire passes into the
through-hole, the thermocouple wire can easily maintain a
linear shape in the vertical direction and a binding force
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received from the insulation rod stopper can be suppressed.
(5) Since the thermocouple wire is fixed to the inside of the
wire holding portion, the thermocouple wire within the buffer
area can be prevented from tensile force being received from
an outside of the processing chamber. (6) Since the lower end
of the insulation rod accommodating the thermocouple wire
is supported by the insulation rod stopper, and a lower end of
the insulation rod stopper is supported at the bottom portion
of'the protection tube holder, the thermocouple wire does not
need to be bonded to the insulation rod using an adhesive, and
the upper portion of the thermocouple wire can be easily
supported. (7) Since a cross section of the insulation rod is
circular, four holes are configured to penetrate in the vertical
direction, and the thermocouple wire for a plurality of ther-
mocouple can be accommodated into the four holes, a diam-
eter of the protection tube can be reduced.

Second Embodiment

A configuration of a temperature detecting apparatus of a
second embodiment of the present invention will be described
with reference to FIGS. 6 to 8, in addition, since a configu-
ration or processing operation other than the temperature
detecting apparatus is the same as in the first embodiment, an
explanation thereof will be omitted. As shown in FIG. 6, a
thermocouple wire supporting portion 25 of the thermo-
couple extends in a vertical direction (up and down direction),
that is, a supporting position 25 of the thermocouple wire is
provided at a substantially middle portion of the thermo-
couple wire 21 and 22 in the vertical direction. FIG. 6 is a
diagram illustrating a support state of a thermocouple in a
second embodiment of the present invention. By this configu-
ration, upon heat expansion, an effect that autonomously
enhances linearity at a portion lower than the supporting
position 25 can be obtained by a self-weight of the thermo-
couple wires 21 and 22, an increase in a frictional force with
an insulation rod can be suppressed, and generation of an
entanglement due to wire deformation according to a change
over time can be suppressed. In addition, a distance from the
supporting position 25 to a thermocouple junction point 23 is
shortened at an upper portion of the thermocouple supporting
position 25, and thus the self-weight of the thermocouple
itself'is reduced and the frictional force with the insulation rod
is reduced. Thus, generation of entangled wire deformation
due to change over time can also be suppressed. These con-
figurations will be described in detail below.

FIG. 7 is a diagram illustrating a structure of a temperature
detecting apparatus in the second embodiment of the present
invention. FIG. 7a is a diagram in which a thermocouple
between a reaction tube and a soaking tube is viewed from a
center of the processing furnace. FIG. 75 is a vertical cross-
sectional view that views the temperature detecting apparatus
of FIG. 7a from a side thereof. In the second embodiment, as
shown in FIG. 7a, there are two protection tubes of the ther-
mocouple, that is, a protection tube 314 and a protection tube
31b. A lower end of each protection tube is supported by a
protection tube holder 36. Since a structure of the protection
tube holder 36 or a structure in which the protection tube
holder 36 supports the protection tube is the same as in the
first embodiment, an explanation thereof will be omitted.

A thermocouple wire 21 of a plus side and a thermocouple
wire 22 of a minus side are accommodated, and an insulation
rod 32 for insulating the thermocouple wires 21 and 22 from
each other is inserted in each protection tube 31. An insulation
rod 32a is inserted in the protection tube 314, and an insula-
tion rod 325 and an insulation rod 32¢ are inserted in the
protectiontube 315. As shown in FIGS. 7a and 75, a lower end
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of the insulation rod 32q is inserted and supported in an
insulation rod stopper 33a, and lower ends of the insulation
rod 3254 and the insulation rod 32¢ are inserted and supported
in an insulation rod stopper 335. Lower ends of the insulation
rod stoppers 33a and 335 are supported by a bottom portion of
the protection tube holder 36. Materials of the insulation rod
32, the insulation rod stopper 33 and the thermocouple wires
21 and 22 are identical to those in the first embodiment.

In addition, protection tubes 31a to 315 are collectively
referred to as the protection tube 31. Meanwhile, as described
later, thermocouple wires 21a to 21¢ are collectively referred
to as the thermocouple wire 21, thermocouple wires 22a to 22
as the thermocouple wire 22, thermocouple junction portions
23ato 23¢ as the thermocouple junction portion 23, insulation
rods 32a to 32¢ as the insulation rod 32, insulation rod stop-
pers 33a to 334 as the insulation rod stopper 33, and caps 34a
to 34c as the cap 34.

In the second embodiment, the thermocouple is disposed
on three zone heaters of the processing furnace. The first
thermocouple is for temperature detection of the uppermost
heater (U zone heater) of the processing furnace, the second
thermocouple is for temperature detection of the heater (C
zone heater) immediately below the U zone heater, and the
third thermocouple is for temperature detection of the heater
(L zone heater) immediately below the C zone heater.

The first temperature detecting apparatus including the first
thermocouple is configured to include the thermocouple wire
21a of the plus side and the thermocouple wire 22a of the
minus side, the thermocouple junction portion 23« in which
the thermocouple wires 21a and 224 are jointed at the front
end portion thereof, the insulation rod 32a for insulating the
thermocouple wires 21a and 22a from each other, the cap 34a
for closing the upper end of the insulation rod 32a, the insu-
lation rod stopper 33a, the protection tube 31a, and the pro-
tection tube holder 36. The second temperature detecting
apparatus including the second thermocouple is configured to
include the thermocouple wire 215 of the plus side and the
thermocouple wire 225 of the minus side, the thermocouple
junction portion 235 in which the thermocouple wires 215
and 225 are jointed at the front end portion thereof, the insu-
lation rod 324 for insulating the thermocouple wires 215 and
22b from each other, the cap 345 for closing the upper end of
the insulation rod 325, the insulation rod stopper 334, the
protection tube 315, and the protection tube holder 36. The
third temperature detecting apparatus including the third ther-
mocouple is configured to include the thermocouple wire 21¢
of the plus side and the thermocouple wire 22¢ of the minus
side, the thermocouple junction portion 23¢ in which the
thermocouple wires 21¢ and 22¢ are jointed at the front end
portion thereof, the insulation rod 32¢ for insulating the ther-
mocouple wires 21¢ and 22¢ from each other, the cap 34¢ for
closing an upper end of the insulation rod 32¢, the insulation
rod stopper 334, the protection tube 315, and the protection
tube holder 36.

Referring to FIG. 7a, the thermocouple junction portion
23a for the first thermocouple is disposed at a position of the
cap of a front end 34a of the insulation rod 324, the thermo-
couple junction portion 235 for the second thermocouple is
disposed at a position of the cap of a front end 345 of the
insulation rod 325, and the thermocouple junction portion 23¢
for the third thermocouple is disposed at the position of the
cap of a front end 34c¢ of the insulation rod 32c.

Similar to the insulation rod of the related art shown in FIG.
13, the cross section of the insulation rod 32a is elliptical, two
holes penetrate the cross section, and the thermocouple wires
21a and 22a for the first thermocouple are inserted and
accommodated in two holes. In addition, the insulation rod
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32b also has the same shape as the insulation rod 32a, and the
thermocouple wires 215 and 225 for the second thermocouple
are inserted and accommodated in the two holes. In addition,
the insulation rod 32¢ also has the same shape as the insula-
tion rod 324, and the thermocouple wires 21¢ and 22¢ for the
third thermocouple are inserted and accommodated in the two
holes. In addition, as shown in FIG. 7a, the third thermo-
couple is located at the front (a central side of the processing
chamber 204) in the insulation rod 325, and the second ther-
mocouple is located at the rear.

FIG. 7b is a side view of the protection tube 31 or the
protection tube holder 36 and a side view of the first thermo-
couple. FIG. 7¢ is a vertical cross-sectional enlarged view of
a middle portion (a position of the thermocouple wire fixing
position 44 of FIG. 7b) of the upper and lower ends of the
insulation rod 32a. FIG. 7d is a vertical cross-sectional
enlarged view near the thermocouple junction portion 23¢ of
the third thermocouple located at an upper end of the insula-
tion rod 32¢. As shown in FIG. 7¢, in the thermocouple wires
21a and 22a, an inside of the insulation rod 32a extends in the
vertical direction, and the thermocouple junction portion 23a
is installed on their upper end. A middle portion between the
upper and lower ends of the insulation rod 32a is provided
with a fixing portion 41 that fixes the thermocouple wire 21a
to the insulation rod 32a and supports the thermocouple wire
21a, and a fixing portion 42 that fixes the thermocouple wire
22a to the insulation rod 32« and supports the thermocouple
wire 22a.

Inthe fixing portion 41, after a part of the insulation rod 32a
is removed from the right side of the drawing and only a
thermocouple wire 21a of a positive line is exposed, a fixing
agent such as cement is injected into the removed portion and
fixed. By injecting and embedding the fixing agent without a
gap, the thermocouple wire 21a exposed by removing is
bonded and fixed to the insulation rod 32a, or the thermo-
couple wire 21a is deliberately fixed to the fixing portion 41
and is supported at the fixing portion due to an increase in
friction caused by being narrowed by the through-hole pass-
ing the thermocouple wire 21a. In addition, as shown in FIG.
7c¢, by slightly bending the thermocouple wire 21a that is
exposed once and fixed in a bent state, the thermocouple wire
21a can be strongly fixed.

The fixing portion 42 is a portion in which the same process
is performed on the thermocouple wire 22a of a negative line.
The size of the fixing portions 41 and 42 in the up and down
direction is set to range, for example, from 20 mm to 30 mm
and the removed depth is set to a substantially central portion
of'the insulation rod 324, and thus an objective of supporting
the thermocouple wires 21 and 22 can be sufficiently
achieved. The fixing portion 41 and the fixing portion 42 are
set to have a distance, for example, about 50 mm, in the
vertical direction, but this is in consideration of the insulation
rod 32a not being bent when a removal process is performed.

In FIG. 7a, the position of the fixing portion 41 or the fixing
portion 42 is slightly moved from a middle portion of the
insulation rod 32a to the thermocouple junction portion 23«
side of a front end portion. This is to suppress a risk occurring
in the related art. That is, since the thermocouple wire below
a supporting position is set to the same direction as a heat
expansion direction and a self-weight direction, but the ther-
mocouple wire above the supporting position is set to the
reverse direction, a risk of problems arising as in the related
art is also presented.

In addition, as shown in FIG. 74, in the thermocouple wires
21c and 22c¢, an inside of the insulation rod 32¢ extends in the
vertical direction, and the thermocouple junction portion 23¢
is installed on an upper end thereof. A fixing portion 43 that
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fixes and supports the thermocouple wires 21¢ and 22¢ at the
insulation rod 32c¢ is provided at the upper end of the insula-
tion rod 32c.

In the fixing portion 43, after a slit-shaped portion removed
in an inner direction toward the drawing is provided for the
front end of the insulation rod 32¢, a fixing agent such as
cement is injected and fixed. By injecting and embedding the
fixing agent with no gap, the thermocouple wires 21¢ and 22¢
exposed by the removal are bonded and fixed to the insulation
rod 32¢, or the thermocouple wires 21¢ and 21¢ are deliber-
ately fixed to the fixing portion 41 and supported at the fixing
portion due to increase in friction caused by narrowing of the
through-hole through which the thermocouple wires 21¢ and
22¢ pass. As shown in FIG. 7d, by slightly bending the ther-
mocouple wires 21c and 22¢ exposed and fixed in a bent state,
the thermocouple wire 21a can be strongly fixed. A size and
depth of the fixing portion 43 in the up and down direction is
set to range, for example, from 20 mm to 30 mm, and thus an
objective of supporting the thermocouple wires 21¢ and 22¢
can be sufficiently accomplished.

As shown in FIG. 75, other ends of the thermocouple wires
21a and 224 are output from a lower end of the insulation rod
32a in a vertical direction and inserted into the wire holding
portion 35 in the horizontal direction to be connected to a
temperature control portion (not shown) other than the pro-
cessing chamber 204, in the protection tube holder 36 of a
hollow structure. In addition, FIG. 454 illustrates only the
thermocouple wire 21a. However, the thermocouple wires
22a,21b, 225, 21¢ and 22c¢ are the same as the thermocouple
wire 21a.

After the thermocouple wire 214 is output below from the
lower end of the insulation rod 32a in the vertical direction,
the thermocouple wire 21a is changed in the horizontal direc-
tion, and is input from one end 35a of the wire holding portion
35 to the wire holding portion 35. A distance from the one end
35a to the bottom portion of the protection tube holder 36
ranges from about 10 mm to 15 mm. In addition, a buffer area
38 in which the thermocouple wire 21d is not bound to the
protection tube holder 36 is formed in the protection tube
holder 36 upon heat expansion. Similar to the first embodi-
ment, the insulation rod stopper 33 supports the bottom por-
tion of the insulation rod 32 at a position higher than the buffer
area 38, and thus the inside thereof is penetrated in the vertical
direction, and the thermocouple wire 21a from the lower end
of the insulation rod 32a is guided to the buffer arca 38
through the through-hole.

Thus, a position 354 of the wire holding portion 35 input by
the thermocouple wire 21a and a position of the lower end of
the insulation rod 32 are set to be equal to or greater than about
10 mm from the bottom portion of the protection tube holder
36. Thus, the thermocouple wire 21d is in contact with the
bottom portion of the protection tube holder 36 upon heat
expansion, and binding depending on a force leading to dis-
connection can be suppressed. In FIG. 75, within buffer area
38, the thermocouple wire 214 is indicated by a solid line ina
standby state (500° C.) before and after the heat treatment,
and the thermocouple wire 214 is indicated by dashed line in
aprocess state (1,200° C.) during the heat treatment. In addi-
tion, the thermocouple wire 21a is fixed in the wire holding
portion 35, similar to the first embodiment.

FIG. 8 is a diagram illustrating an expansion and contrac-
tion state of a first thermocouple in the second embodiment of
the present invention, FIG. 18a represents a standby state
(500° C.) before and after heat treatment, and FIG. 185 rep-
resents a process state (1200° C.) during heat treatment.
When the standby state of FIG. 5a comes to the heat treatment
state of FIG. 85, the thermocouple wires 21a and 22a and the
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insulation rod 32a are heat-expanded, and the thermocouple
wires protrude from the upper end of the insulation rod 32a,
such that the thermocouple wires 21a and 22a are lengthened
by AL. When the heat treatment state of FIG. 85 comes to the
standby state of FIG. 84, the thermocouple wires 21a and 22a
are heat-contracted, such that the thermocouple wires 421 and
422 are shortened by AL to thus return to an original length.

In the second embodiment, in order to support the thermo-
couple wires 21a and 224 at a middle portion of the insulation
rod 32a, up to the thermocouple junction portion 23a upward
from the supporting position 25, an amount AL of protrusion
of the thermocouple wires 21a and 224 from the upper end
portion of the insulation rod 32a is generated upon heat
expansion. Since the amount is so small compared to the
configuration of related art, a probability of entanglement due
to the heat expansion and heat contraction to be repeated is
reduced. In addition, up to the thermocouple junction portion
23a downward from the supporting position 25, an effect of
autonomously enhancing linearity can be obtained by a self-
weight of the thermocouple wires 21a and 22a, and an
increase in a frictional force with an insulation rod 32a can be
suppressed.

As described above, the thermocouple junction portion 23a
is supported at the upper end or the middle portion of the
insulation rod 32a, the insulation rod 324 is supported by the
insulation rod stopper 334, and the insulation rod stopper 33a
is supported by the protection tube holder 36. That is, the
middle portion of the thermocouple wires 21a and 22q is
supported by the insulation rod 324 or the like. In addition, in
the thermocouple wires 21a and 22a, a portion output from
the lower end of the insulation rod 32a is in a state in which it
is not bound to the bottom portion or the like of the protection
tube holder 36 in the buffer area 38. Therefore, upon heat
expansion, in the lower portion of the support portion of the
thermocouple wires 21a, and 224, the thermocouple wires
21a and 22a maintain the linear shape by a self-weight and
thus, partial bending can be suppressed. At the upper portion
of the supporting portion of the thermocouple wires 21a and
22a, the amount AL of protrusion of the thermocouple wires
21a and 22a from the upper end portion of the insulation rod
32ais reduced, compared to the related art. As aresult, a large
frictional force generated between the thermocouple wires
21a and 22a and the insulation rod 32a can be suppressed and
disconnection of the thermocouple wires 21a and 22a can be
suppressed. In addition, a linear expansion coefficient of the
insulation rod 32a is adopted to be smaller than those of the
thermocouple wires 21a and 22a and thus a change in the
position, that is, a change in a temperature measurement
position, of the thermocouple junction portion 23a due to heat
expansion can be reduced to be smaller than that of the related
art.

According to the second embodiment, in addition to the
effects (1) to (7) of the first embodiment, at least one of the
following eftects (8) to (11) can be obtained. (8) The thermo-
couple wire is fixed and supported at a middle portion in the
vertical direction thereof, and a buffer area is provided below
the thermocouple wire. In addition, in a state in which the
lower portion of the thermocouple wire is not bound to other
members, for example, the bottom portion or the like of the
protection tube holder, the thermocouple wire of the lower
portion of the middle portion can maintain a linear shape by a
self-weight and thus, partial bending can be suppressed and
disconnection of the thermocouple wire can be suppressed. In
addition, bending of the thermocouple wire of the lower por-
tion of the middle portion by the self-weight can be sup-
pressed more than in the related art. (9) When the thermo-
couple wire is fixed to the upper portion or the middle portion
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of the insulation rod, since a part of the insulation rod is
removed, and an adhesive such as cement is injected into the
removed part, the thermocouple wire can be easily fixed to the
insulation rod. (10) When the thermocouple wire is fixed to
the cut portion of the insulation rod, since the thermocouple
wire is configured to be fixed by bending the thermocouple
wire exposed to the cut portion and injecting the adhesive in
a bent state, the thermocouple wire may be securely fixed to
the insulation rod. (11) Since a position fixing the thermo-
couple wire at the insulation rod is set to a position moved
from the middle portion of the insulation rod to the front end
side, bending of the thermocouple wire upward from the
fixing position can be suppressed more.

Third Embodiment

A configuration of a temperature detecting apparatus of a
third embodiment will be described with reference to FIGS. 9
to 11. Inthis embodiment, as shown in FIG. 9, a thermocouple
wire supporting portion 26 of a thermocouple to extend in a
vertical direction (up and down direction) is provided at an
upper end of the thermocouple wires 21 and 22 and at the
supporting position, and the upper end of the thermocouple
wires 21 and 22 and the thermocouple junction portion 23 is
fixed and supported at an insulation rod by an adhesive such
as cement. By this configuration, upon heat expansion, an
effect of autonomously enhancing linearity at a portion lower
than a supporting position 25 can be obtained by a self-weight
of the thermocouple wires 21 and 22, an increase in a fric-
tional force with an insulation rod can be suppressed, and
generation of entangled wire deformation due to a change
over time can be suppressed. These configurations will be
described in detail below.

A difference between the third embodiment and the first
embodiment in the substrate processing apparatus is only a
method of supporting the thermocouple wire. That is, in the
first embodiment, the upper end of the thermocouple wire is
supported at an upper end of a wall between through-holes of
the insulation rod. However, in the third embodiment, the
upper end of the thermocouple wire is fixed and supported at
the insulation rod by an adhesive. Since a configuration or
substrate processing operation other than the temperature
detecting apparatus is the same as in the first embodiment, an
explanation will be omitted.

FIG. 10 is a diagram illustrating a structure of a tempera-
ture detecting apparatus in a third embodiment of the present
invention. FIG. 10qa is a diagram in which a thermocouple
between a reaction tube and a soaking tube is viewed from a
center of a processing furnace.

FIG. 105 is a vertical cross-sectional view of the tempera-
ture detecting apparatus of FIG. 10a from a side thereof. FIG.
11 is a horizontal sectional view along line A-A of FIG. 10a.
In addition, in the third embodiment, similar to the first
embodiment, there are three protection tubes of the thermo-
couple, that is, a protection tube 31a, a protection tube 315,
and a protection tube 31c¢. Although there are first to fifth
thermocouples, for a clear and concise explanation, only the
protection tube 31a is shown, and matters regarding the pro-
tection tube 31a are described.

A thermocouple wire 21 of a plus side and a thermocouple
wire 22 of a minus side are accommodated, and an insulation
rod 32a for insulating the thermocouple wires 21 and 22 from
each other is inserted in each protection tube 31a (see FIG.
11). As shown in FIGS. 10a and 105, the lower end of the
protection tube 31a is supported by the protection tube holder
36. The lower end of the insulation rod 324 is inserted and
supported in the insulation rod stopper 33a. The lower end of
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the insulation rod stopper 33a is supported by a bottom por-
tion of the protection tube holder 36.

In the third embodiment, similar to the first embodiment,
the first thermocouple to the fifth thermocouple are also dis-
posed at five heater zones of the processing furnace. Similar
to the first embodiment, the first thermocouple and the third
thermocouple are disposed in the protection tube 31a. The
first temperature detecting apparatus including the first ther-
mocouple is configured to include a thermocouple wire 21a
of'a plus side and a thermocouple wire 22a of a minus side, a
thermocouple junction portion 23a¢ in which the thermo-
couple wires 21a and 22a are jointed at a front end portion
thereof, an insulation rod 32a for insulating the thermocouple
wires 21a and 22a from each other, a cap 34a for closing an
upper end of the insulation rod 32a, the insulation rod stopper
33a, the protection tube 31a, and a protection tube holder 36.
The third temperature detecting apparatus including the third
thermocouple is configured to include a thermocouple wire
21d of the plus side and a thermocouple wire 22d of the minus
side, a thermocouple junction portion 234 in which the ther-
mocouple wires 214 and 224 are jointed at a front end portion
thereof, the insulation rod 32a for insulating the thermo-
couple wires 214 and 224 from each other, the cap 34a for
closing the upper end of the insulation rod 324, the insulation
rod stopper 33a, the protection tube 31a, and the protection
tube holder 36.

Referring to FIG. 104, the thermocouple junction portion
23a for the first thermocouple is disposed at a position of the
cap 34a of the front end of the insulation rod 324, and the
thermocouple junction portion 234 for the third thermocouple
is disposed at a middle portion of the insulation rod 32a. As
shown in FIG. 1, which is a cross sectional view taken along
line A-A of FIG. 10a, similar to the insulation rod in the first
embodiment, the cross section of the insulation rod 32a is
circular, four holes penetrate the cross section, and the ther-
mocouple wires 21a and 22a for the first thermocouple and
the thermocouple wires 214 and 22d for the third thermo-
couple are inserted and accommodated in the four holes. The
first thermocouple is located at the front (a central side of the
processing chamber 204) in the insulation rod 32a, and the
third thermocouple is located at the rear.

FIG. 105 is a side view of the protection tube 31a or
protection tube holder 36 and a side view of the first thermo-
couple and the third thermocouple. FIG. 10e is a vertical
cross-sectional enlarged view near the thermocouple junction
portion 23a of the first thermocouple located at the upper end
of'the insulation rod 32a. FIG. 10c¢ includes FIG. 10/ viewed
from the front of the drawing by enlarging a corresponding
part, FIG. 10f viewed from the top of a portion of FIG. 104,
and FIG. 10g viewed from the left of a portion of FIG. 104.

As shown in FIG. 10c, a slit shape removal portion 51 is
provided in an inner direction toward the drawing. The ther-
mocouple junction portion 23a is installed on the thermo-
couple wire 21a in which the inside of insulation rod 32a
extends in the vertical direction, and the upper end of the
thermocouple wire 224, and disposed on the removal portion
51. A fixing agent such as cement is injected into the removal
portion 51. The thermocouple wire 214, the thermocouple
wire 22a and the thermocouple junction portion 23a are fixed
and supported at the removal portion 51 of the insulation rod
32a. By injecting and embedding the fixing agent without a
gap, the thermocouple wires 21a and 224a exposed by remov-
ing are bonded and fixed to the insulation rod 32a, or the
thermocouple wires 21a and 22a are deliberately fixed to the
fixing portion 41 and supported at the fixing portion due to
increase in friction caused by narrowing of the through-hole
through which the thermocouple wires 21a and 22a pass.
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FIG. 10d is a vertical cross-sectional enlarged view near
the thermocouple junction portion 234 of the third thermo-
couple located at amiddle portion of the upper and lower ends
ofthe insulation rod 324. FIG. 10d includes FIG. 10m viewed
from the front of the drawing by enlarging a corresponding
part, and FIG. 107 viewed from the right of a portion of FI1G.
10m. As shown in FIG. 104, the thermocouple junction por-
tion 234 is installed on the thermocouple wire 214 in which
the inside of the insulation rod 32a extends in the vertical
direction, and the upper end of thermocouple wire 22d. The
insulation rod 32a of a portion provided with the thermo-
couple junction portion 234 is removed, while leaving a par-
tial portion of the outer periphery of the insulation rod 32a.
The thermocouple wire 214, the thermocouple wire 224 and
the thermocouple junction portion 23d are fixed and sup-
ported at the removal portion 52 by an adhesive such as
cement.

The size of the removal portions 51 and 52 in the up and
down direction is set to range, for example, from 20 mm to 30
mm and the removed depth of the removal portion 52 is set to
a substantially central portion of the insulation rod 324, and
thus an objective of supporting the thermocouple wires 21
and 22 can be sufficiently accomplished.

As shown in FIG. 105, other ends of the thermocouple
wires 21a and 22a are output from the lower end of the
insulation rod 324 in the vertical direction and inserted into
the wire holding portion 35 in the horizontal direction to be
connected to a temperature control portion (not shown) other
than the processing chamber 204, in the protection tube
holder 36 of a hollow structure.

After the thermocouple wire 214 is output below from the
lower end of the insulation rod 32a in the vertical direction,
the thermocouple wire 21a is changed in the horizontal direc-
tion, and is input from one end 35a of the wire holding portion
35 to the wire holding portion 35. A distance from the one end
35a to the bottom portion of the protection tube holder 36
ranges, for example, from 10 mm to 15 mm, similar to the first
embodiment. In addition, a buffer area 38 in which the ther-
mocouple wire 21q is not bound to the protection tube holder
36 upon heat expansion is formed in the protection tube
holder 36. Similar to the first embodiment, the insulation rod
stopper 33 supports the bottom portion of the insulation rod
32 at a position higher than the buffer area 38 and thus, the
inside of thereof is penetrated in the vertical direction, and the
thermocouple wire 21a from the lower end of the insulation
rod 32a is guided to the buffer area 38 through the through-
hole.

Accordingly, a position of the wire holding portion 35
input by the thermocouple wire 21a and a position of the
lower end of the insulation rod 32 are set to higher than the
buffer area 38. Thus, the thermocouple wire 21aq is in contact
with the bottom portion of the protection tube holder 36 upon
heat expansion, and binding from a force leading to discon-
nection can be suppressed. In FIG. 105, within the buffer area
38, the thermocouple wire 214 is indicated by a solid line ina
standby state (500° C.) before and after the heat treatment,
and the thermocouple wire 21ais indicated by a dashed line in
aprocess state (1,200° C.) during the heat treatment. In addi-
tion, the thermocouple wire 21a is fixed in the wire holding
portion 35, similar to the first embodiment.

Inthethird embodiment, since the thermocouple wire 23 or
the upper end of the thermocouple wires 21 and 22 is fixed and
supported at the insulation rod 32, up to the buffer area down-
ward from the thermocouple wire supporting portion 26, an
effect of autonomously enhancing linearity can be obtained



US 9,269,638 B2

23

by a self-weight of the thermocouple wires 21 and 22, and an
increase in a frictional force with an insulation rod 32a can be
suppressed.

As described above, the thermocouple junction portion 23
is supported at the upper end or the middle portion of the
insulation rod 32, the insulation rod 32 is supported by the
insulation rod stopper 33a and the insulation rod stopper 33 is
supported by the protection tube holder 36. That is, the upper
ends of the thermocouple wires 21a and 22a are fixed and
supported by the insulation rod 32. In addition, in the ther-
mocouple wires 21 and 22, a portion output from the lower
end of the insulation rod 32 is in state in which it is not bound
to the bottom portion or the like of the protection tube holder
36 in the buffer area 38. Therefore, the same effect as the first
embodiment can be obtained, and disconnection of the ther-
mocouple wires 21 and 22 can be suppressed.

According to the third embodiment, in addition to the
effects (1) to (7) of the first embodiment, at least the following
effect (12) can be obtained. (12) When the thermocouple wire
is fixed to the upper portion or the middle portion of the
insulation rod, since a part of the insulation rod is removed,
and an adhesive such as cement is injected into the removed
part, the thermocouple wire can be easily fixed to the insula-
tion rod.

Fourth Embodiment

A configuration of a temperature detecting apparatus of a
fourth embodiment will be described with reference to FIGS.
18 to 21. FIG. 18 is a diagram illustrating a support state of a
thermocouple in a fourth embodiment of the present inven-
tion. A difference between the fourth embodiment and the
third embodiment in the substrate processing apparatus is
only a structure supporting the thermocouple wire and other
configurations are the same as in the third embodiment. In the
fourth embodiment, as shown in FIG. 18, substantially imme-
diately below the thermocouple junction portion 23, the ther-
mocouple wire 21 and the thermocouple wire are bent to
expand to the outside and then an expanded portion A and an
expanded portion B, which expand outward in a horizontal
direction, are formed in the thermocouple wire 21 and the
thermocouple wire 22, respectively. A wire width formed by
the expanded portion A and the expanded portion B is con-
figured to be larger than a hole width formed by two through-
holes in which the thermocouple wire 21 and the thermo-
couple wire 22 are inserted. Here, the wire width may be a
maximum distance in which outer peripheries of the
expanded portion A and the expanded portion B of the two
thermocouple wires, which are connected at the thermo-
couple junction portion 23, are formed above the upper end of
the insulation rod 32, that is, the longest straight line of
straight lines in which outer peripheries of the two thermo-
couple wires between an upper end surface of the insulation
rod 30 and the thermocouple junction portion 23, are con-
nected in a horizontal direction. The hole width may be an
elliptical length diameter including two through-holes in
which the thermocouple wire 21 and the thermocouple wire
22 are inserted, and a distance of the longest straight line of
straight lines in which outer peripheries (the circumference in
the example of FIG. 18) of the two through-holes are con-
nected, more specifically, a distance of the longest straight
line of straight lines in which the circumferences of two
circles that form a horizontal section of two through-holes at
the upper end of the insulation rod 32 are connected in a
horizontal direction.

Thus, since the wire width in the vicinity of thermocouple
junction portion 23 is larger than that the hole width, the outer
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peripheries of the thermocouple wire 21 and the thermo-
couple wire 22 are entangled in parts of the circumferences of
two through-holes at the upper end of the insulation rod 32,
that is, are supported by the upper end surface of the insula-
tion rod 32. For example, in the first embodiment described
above, since the wire width is not configured to be larger than
the hole width, in a state in which the thermocouple junction
portion 23 is supported by the insulation rod 32, a force is
generated to the thermocouple junction portion 23 in the
outside direction, due to the gravity of the thermocouple wire
21 and the thermocouple wire 22. For this reason, there is a
need to increase the strength of the thermocouple junction
portion 23, for example, the size of the thermocouple junction
portion 23, such that the thermocouple junction portion 23 to
which the thermocouple wire 21 and the thermocouple wire
22 are connected is not damaged. In contrast, in the fourth
embodiment, since the wire width is configured to be larger
than the hole width, in a state in which the thermocouple wire
21 and the thermocouple wire 22 are supported by the upper
end surface of the insulation rod 32, the gravity of the ther-
mocouple wire 21 and the thermocouple wire 22 is supported
at the upper end surface of the insulation rod 32 and thus a
force applied to the thermocouple junction portion 23 can be
reduced more than that of the first embodiment. In addition,
when the substrate processing apparatus is manufactured and
the thermocouple is assembled, even if the thermocouple wire
is pulled below by mistake, the damage of the thermocouple
junction portion can be suppressed. In addition, evenifa force
is applied to a lower side of the thermocouple wire due to
vibration caused by transportation of the substrate processing
apparatus, the damage of the thermocouple junction portion
can be suppressed.

As described above, a difference between the substrate
processing apparatus of the fourth embodiment and that of the
third embodiment is only a structure of supporting the ther-
mocouple wire. Thus, since the configuration or substrate
processing operation other than the temperature detecting
apparatus is the same as in the third embodiment, an expla-
nation will be omitted. FIG. 19 is a diagram illustrating an
example of a structure of a temperature detecting apparatus in
the fourth embodiment of the present invention. FIG. 19a is a
diagram in which a thermocouple between a reaction tube and
a soaking tube is viewed from a central of the processing
furnace. FIG. 195 is a vertical cross-sectional view that views
the temperature detecting apparatus of FIG. 19a from a side
thereof. FIG. 20 is a horizontal sectional view of A-A section
of FIG. 19a. In addition, in the fourth embodiment, similar to
the third embodiment, there are three protection tubes of the
thermocouple, that is, a protection tube 314, a protection tube
31b, and a protection tube 31¢. Although there are first to fifth
thermocouples, to make the explanation shot and clear, only
protection tube 31a is shown in FIG. 19, and matters relating
to the protection tube 31a is described.

A thermocouple wire 21 of a plus side and a thermocouple
wire 22 of a minus side are accommodated, and an insulation
rod 32q for insulating the thermocouple wires 21 and 22 each
other is inserted in each protection tube 31a (see FIG. 20). As
shown in FIGS. 19a and 194, a lower end of the protection
tube 31a is supported by a protection tube holder 36. A lower
end of the insulation rod 32a is inserted and supported in a
insulation rod stopper 33a. A lower end of the insulation rod
stopper 33a is supported by a bottom portion of the protection
tube holder 36.

Also, in the fourth embodiment, similar to the third
embodiment, the first thermocouple and the third thermo-
couple are disposed in the protection tube 31a. The first
temperature detecting apparatus including the first thermo-
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couple is configured to include a thermocouple wire 21a of
the plus side and a thermocouple wire 22a of the minus side,
a thermocouple junction portion 23a in which the thermo-
couple wires 21a and 22a are jointed at the front end portion
thereof, the insulation rod 32a for insulating the thermo-
couple wires 21a and 22a each other, a cap 34a for closing an
upper end of the insulation rod 32a, a cover 37 for covering an
outer periphery of the insulation rod 32« in the vicinity of a
thermocouple junction portion 23d, the insulation rod stopper
33a, the protection tube 314, and the protection tube holder
36. The third temperature detecting apparatus including the
third thermocouple is configured to include a thermocouple
wire 21d of the plus side and a thermocouple wire 22d of the
minus side, a thermocouple junction portion 234 in which the
thermocouple wires 214 and portion 224 are jointed at a front
end portion thereof, the insulation rod 32« for insulating the
thermocouple wires 214 and 22d each other, the cap 344 for
closing the upper end of the insulation rod 32a, the cover 37
for covering the outer periphery of the insulation rod 32a in
the vicinity of the thermocouple junction portion 23d, the
insulation rod stopper 33a, the protection tube 31a, and the
protection tube holder 36.

Referring to FIG. 194, the thermocouple junction portion
23a for the first thermocouple is disposed at a position of the
cap of the front end 34a of the insulation rod 32a, the ther-
mocouple junction portion 234 for the third thermocouple is
disposed at a position of a cover 37 of the middle portion of
the insulation rod 32a. As shown in FIG. 20, which is a cross
sectional view taken along A-A, similar to the insulation rod
in the third embodiment, the insulation rod 32a is circular,
four holes penetrate through the cross section, the thermo-
couple wires 21a and 224 for the first thermocouple and the
thermocouple wires 21d and 22d for the third thermocouple
are inserted and accommodated in the four holes. The first
thermocouple is located at the front (a central side of the
processing chamber 204) in the insulation rod 32a, and the
third thermocouple is located at the rear.

FIG. 1954 is a side view of the protection tube 31a or the
protection tube holder 36 and a side view of the first thermo-
couple and the third thermocouple. FIG. 19¢ is a vertical
cross-sectional enlarged view near the thermocouple junction
portion 23a of the first thermocouple located at the upper end
of'the insulation rod 324. FIG. 194 is a diagram viewed from
the top of a portion of the FIG. 19¢. As shown in FIG. 19¢, the
thermocouple junction portion 23« is installed on the thermo-
couple wire 21a in which the inside of the insulation rod 32«
extends in the vertical direction, and the upper end of ther-
mocouple wire 22q. In addition, two thermocouple wires 21a
and 22a between the upper end surface of the insulation rod
32a and the thermocouple junction portion 23a form an
expanded portion outward in a horizontal direction. As
described in FIG. 18, a wire width formed by the expanded
portions is configured to be larger than a hole width formed by
two through-holes in which the thermocouple wire 21a and
the thermocouple wire 22a are inserted. Thus, the thermo-
couple wire 21a and the thermocouple wire 22a are supported
at the upper end of the insulation rod 32a.

FIG. 19¢is a vertical cross-sectional enlarged view near the
thermocouple junction portion 23d of the third thermocouple
located at a middle of the upper and lower ends of the insu-
lation rod 32a. FIG. 19fis a side view of FIG. 19e. As shown
in FIG. 19e, the thermocouple junction portion 23d is
installed on the thermocouple wire 214 in which the inside of
the insulation rod 32a extends in the vertical direction, and the
upper end of thermocouple wire 22d. The insulation rod 32a
of'a portion provided with the thermocouple junction portion
23d is removed, while leaving a part portion of the outer
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periphery ofthe insulation rod 32a. At the removal portion 52,
the thermocouple wire 214 and thermocouple wire 224 form
an expanded portion outward in a horizontal direction. As
described in FIG. 18, a wire width formed by the expanded
portions is configured to be larger than a hole width formed by
two through-holes in which the thermocouple wire 214 and
the thermocouple wire 224 are inserted. Thus, the thermo-
couple wire 21d and the thermocouple wire 224 are supported
atthe lower end of the removal portion 52 of the insulation rod
32a.

The size of the removal portion 52 in the up and down
direction is set to range, for example, from 10 mm to 30 mm
and the removed depth of the removal portion 52 is set to a
substantially central portion of the insulation rod 324, and
thus an objective of supporting the thermocouple wires 214
and 224 can be sufficiently achieved. A cylindrical cover 37
for protecting the thermocouple junction portion 234 or the
thermocouple wire 214, or the thermocouple wire 224 is fixed
and provided at the outside of the removal portion 52 so as to
surround the outer periphery of the insulation rod 32a. A
material of the cover 37 is made of; for example, alumina,
similar to the cap 34. In addition, as shown in FIG. 195, other
ends of thermocouple wires 21 and 22 are located in the
protection tube holder 36 of the in a hollow structure, but
configurations and operations in the protection tube holder 36
are the same as these of the third embodiment.

The other configuration example of the temperature detect-
ing apparatus in the fourth embodiment will be described
with reference to FIG. 21. FIG. 21 is a diagram illustrating a
structure of another configuration example of a thermocouple
structure in the fourth embodiment of the present invention.
FIG. 21a is a diagram in which a thermocouple between a
reaction tube and a soaking tube is viewed from a central of
the processing furnace. FIG. 215 is a vertical cross-sectional
view that views the temperature detecting apparatus of FIG.
21a from a side thereof. This configuration example changes
only the supporting structure of the thermocouple wire in the
temperature detecting apparatus (FIG. 7) of the second
embodiment, and another configuration is the same as in the
second embodiment.

In this configuration example, similar to the second
embodiment, as shown in FIG. 214, there are two protection
tubes of the thermocouple, that is, the protection tube 31a and
the protection tube 315. A lower end of each protection tube
is supported by a protection tube holder 36. Since structure
within the protection tube holder 36 is the same as in the
second embodiment, an explanation will be omitted. A ther-
mocouple wire 21 of a plus side and a thermocouple wire 22
of a minus side are accommodated, and an insulation rod 32
for insulating the thermocouple wires 21 and 22 each other is
inserted in each protection tube 31. An insulation rod 32a is
inserted in the protection tube 314, and an insulation rod 325
and an insulation rod 32¢ are inserted in the protection tube
315.

In this configuration example, similar to the second
embodiment, the thermocouple is disposed on three zone
heaters of the processing furnace, respectively. The first ther-
mocouple is for temperature detection of the uppermost
heater (U zone heater) of the processing furnace, the second
thermocouple is for temperature detection of the heater (C
zone heater) immediately below the U zone heater, and the
third thermocouple is for temperature detection of the heater
(L zone heater) immediately below the C zone heater. The
configuration of the temperature detecting apparatuses
including each thermocouple is similar to that of the second
embodiment. For example, the first temperature detecting
apparatus including the first thermocouple is configured to
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include the thermocouple wire 21a of the plus side and the
thermocouple wire 22a of the minus side, the thermocouple
junction portion 23« in which the thermocouple wires 21a
and 22a are jointed at the front end portion thereof, the insu-
lation rod 32a for insulating the thermocouple wires 21a and
22a each other, the cap 34a for closing the upper end of the
insulation rod 32a, the insulation rod stopper 334, the protec-
tion tube 314, and the protection tube holder 36.

As shown in FIG. 214, the thermocouple junction portion
23a for the first thermocouple is disposed at a position of the
front end 34a of the cap of the insulation rod 32a. Similar to
the insulation rod of the related art shown in FIG. 13, the cross
section of the insulation rod 32a is elliptical, two holes pen-
etrates through the cross section, and the thermocouple wires
21a and 22q for the first thermocouple are inserted and
accommodated in the two holes. The insulation rod 325 or the
insulation rod 32c¢ also has the same shape as the insulation
rod 32a.

FIG. 21cis a vertical cross-sectional enlarged view near the
thermocouple junction portion 23a of the first thermocouple
located at the upper end of the insulation rod 32a. As shown
in FIG. 21¢, in the thermocouple wires 21a and 22a, the inside
ofinsulation rod 32a extends in the vertical direction, and the
thermocouple junction portion 23a is provided at the upper
end thereof. The expanded portion expanding outward in the
horizontal direction is provided at the thermocouple wires
21a and 224 between the thermocouple junction portion 23a
and the upper end surface of the insulation rod 32a. A wire
width formed by the expanded portions is configured to be
larger than a hole width formed by two through-holes in
which the thermocouple wires 21a and 224 are inserted. Thus,
the thermocouple wires 21a and 224 can be supported by the
upper end of the insulation rod 32a and a force applied to the
thermocouple junction portion 23a can be reduced.

According to the fourth embodiment, in addition to the
effects (1) to (7) of the first embodiment, at least the following
effect (13) can be obtained. (13) The expanded portion
expanding outward in the horizontal direction is provided at
the thermocouple wires 21a and 22a between the thermo-
couple junction portion and the upper end surface of the
insulation rod. Since a wire width formed by the expanded
portions is configured to be larger than a hole width formed by
two through-holes in which the thermocouple wire 21 and the
thermocouple wire 22 are inserted, the thermocouple wire can
be supported by the upper end of the insulation rod and a force
applied to the thermocouple junction portion can be reduced.

In addition, it is obvious that the present invention is not
limited to the embodiments described above, and various
modifications can be possible without departing from the
scope of the present invention. In the first embodiment
described above, the upper end of the thermocouple wire is
supported at the upper end of the wall between the through-
holes of the insulation rod. However, as in the third embodi-
ment, the upper end of the thermocouple wire may be fixed
and supported at the insulation rod through an adhesive. In
addition, as described above, four through-holes of the insu-
lation rod are used in the first embodiment or the third
embodiment, and two through-holes of the insulation rod are
used in the second embodiment. However the through-holes
of different numbers may be used. For example, one through
hole of the insulation rod may be used, and the thermocouple
wire of a plus side or the thermocouple wire of a minus side
can pass through the one through hole. In this case, two
insulation rods for plus and minus will be needed for one
thermocouple.

In addition, in the fourth embodiment described above, the
expanded portion of the thermocouple wire is formed so as to
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have a slightly bent shape. However, the present invention is
not limited thereto, and for example, the expanded portion
may be formed so as to have a right angle bent shape. In
addition, in the fourth embodiment described above, the ther-
mocouple wire is provided with the expanded portion, and the
thermocouple wire is supported at the upper end of the insu-
lation rod by the expanded portion. However, a supported
body longer than a hole width in a horizontal direction formed
by two through-holes in which the thermocouple wire 21 and
the thermocouple wire 22 are inserted may be provided at the
thermocouple wire between the thermocouple junction por-
tion and the upper end surface of the insulation rod. The
supported body may be configured by bonding a rod-like
object, for example, made of alumina, to the thermocouple
wire 21 and the thermocouple wire 22 through an adhesive. In
addition, in such a configuration, similar to the configuration
in which the expanded portion is formed in the thermocouple
wire, a force applied to the thermocouple junction portion can
be reduced. In addition, the expanded portion is not formed
for the thermocouple wire, and the thermocouple wire can be
supported at the upper end surface of the insulation rod by
reducing a space between two thermocouple wires to less than
a minimum length that connects outer peripheries of the two
through-holes. In addition, the thermocouple wire can be
supported at the upper end surface of the insulation rod by
wringing or twisting the two thermocouple wires. In this case,
the two thermocouple wires are isolated from each other so as
to not electrically short.

In addition, in the above-described embodiments, a pro-
cess performed on wafers has been described. However,
objects to be processed may be substrates other than the
wafers and may also be a hot mask or printed wiring substrate,
an LED panel, a compact disk or magnetic disk, etc. In addi-
tion, in the embodiments described above, a case in which a
vertical batch-type hot wall device using the reaction tube and
the soaking tube is applied has been described, but the present
invention is not limited to thereof and a substrate processing
apparatus in which the soaking tube is not used can be
applied. In addition, the present invention can be applied to a
glass substrate such as an LCD manufacturing apparatus or
another substrate processing apparatus as well as a semicon-
ductor manufacturing apparatus. The substrate processing
may be an exposure process, lithography, a coating process,
etc., as well as a film forming process such as CVD ora PVD
for forming an oxide film, a nitride film, a metal-containing
film and the like.

This specification includes at least the following inven-
tions. That is, the first invention relates to a temperature
detecting apparatus. The temperature detecting apparatus
includes: an insulation rod installed to extend in a vertical
direction and including a through-hole in vertical direction; a
thermocouple wire inserted in the through-hole of the insu-
lation rod, the thermocouple wire including a thermocouple
junction portion at an upper end thereof and an angled portion
at a lower end of the insulation rod; and a buffer area installed
below the insulation rod and configured to suppress a restric-
tion of a horizontal portion of the angled portion upon heat
expansion, wherein an upper portion of the thermocouple
wire or a middle portion in the vertical direction are supported
by the insulation rod.

As the second invention, the temperature detecting appa-
ratus according to the first invention further includes a wire
holding portion configured to fix a portion of the horizontal
portion of the angled portion.

As the third invention, the temperature detecting apparatus
according to the second invention further includes a protec-
tion tube configured to accommodate the insulation rod; and
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aprotection tube holder configured to support a lower portion
of'the protection tube, wherein the lower end of the insulation
rod is exposed within the protection tube holder through a
lower end opening of the protection tube, and the lower end of
the insulation rod in the protection tube holder and the wire
holding portion are spaced apart from a bottom portion of the
protection tube holder by at least 10 mm.

As the fourth invention, the temperature detecting appara-
tus according to the first to third inventions further includes an
expanded portion where the thermocouple wire between the
upper end surface of the insulation rod and the thermocouple
junction portion expands outward in a horizontal direction.

As the fifth invention, in the temperature detecting appa-
ratus according to the second to fourth inventions, the lower
end of the insulation rod is positioned higher than the wire
holding portion.

As the sixth invention, in the temperature detecting appa-
ratus according to the fourth or fifth invention, the lower end
of the insulation rod is supported by the insulation rod stop-
per, and a lower end of the insulation rod stopper is supported
by the bottom portion of the protection tube holder.

As the seventh invention, in the temperature detecting
apparatus according to the first to sixth inventions, the insu-
lation rod includes four of the through-hole in the vertical
direction, and two pairs of the thermocouple wire pass
through the insulation rod.

As the eighth invention, in the temperature detecting appa-
ratus according to the first to seventh inventions, the thermo-
couple wire is fixed to the insulation rod by injecting an
adhesive into a cut portion of the insulation rod.

As the ninth invention, in the temperature detecting appa-
ratus according to the eighth invention, the thermocouple
wire exposed through the cut portion is fixed by injecting the
adhesive into the cut portion in a bent state.

As the tenth invention, in the temperature detecting appa-
ratus according to the eighth or ninth invention, the cut por-
tion is disposed between a middle portion and a front end of
the insulation rod.

The eleventh invention relates to a substrate processing
apparatus. The substrate processing apparatus includes: a
boat configured to stack and hold a plurality of substrates to
be spaced apart from one another at predetermined intervals
in a vertical direction; a reaction tube configured to accom-
modate the boat and process the plurality of substrates held by
the boat; a heating unit installed around the reaction tube and
configured to heat the plurality of substrate accommodated in
the reaction tube; a temperature detecting apparatus config-
ured to detect an inside temperature of the reaction tube; a
processing gas supply unit configured to supply a processing
gas into the reaction tube; and an exhaust portion configured
to exhaust a gas from an inside of the reaction tube, wherein
the temperature detecting apparatus includes: an insulation
rod installed to extend in a vertical direction and including a
through-hole in vertical direction; a thermocouple wire
inserted in the through-hole of the insulation rod, the thermo-
couple wire including a thermocouple junction portion at an
upper end thereof and an angled portion at a lower end of the
insulation rod; and a buffer area installed below the insulation
rod and configured to suppress a restriction of a horizontal
portion ofthe angled portion upon heat expansion, wherein an
upper portion of the thermocouple wire or a middle portion in
the vertical direction are supported by the insulation rod.

The twelfth invention relates to a temperature detecting
apparatus. The temperature detecting apparatus includes; an
insulation rod installed to extend in a vertical direction and
including a through-hole in vertical direction; a thermocouple
wire inserted in the through-hole of the insulation rod, the
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thermocouple wire including a thermocouple junction por-
tion at an upper end thereof and an angled portion at a lower
end of the insulation rod; and a buffer area installed below the
insulation rod and configured to suppress a restriction of a
horizontal portion of the angled portion upon heat expansion,
wherein the thermocouple wire includes a supported portion
between an upper end surface of the insulation rod and the
thermocouple junction portion, the supported portion sup-
ported by the upper end surface of the insulation rod.

The second to eleventh inventions described above may be
applied to the twelfth invention.

As the thirteenth invention, in the temperature detecting
apparatus according to the twelfth invention, the supported
portion includes an expanded portion where the thermo-
couple wire between the upper end surface of the insulation
rod and the thermocouple junction portion expands outward
in a horizontal direction.

As the fourteenth invention, in the temperature detecting
apparatus according to the thirteenth invention, a horizontal
width of the expanded portion is greater than a maximum
distance between outer peripheries of the through-holes in the
insulation rod at the upper end surface of the insulation rod.

The fifteenth invention relates to a substrate processing
apparatus. The substrate processing apparatus includes: a
boat configured to stack and hold a plurality of substrates to
be spaced apart from one another at predetermined intervals
in a vertical direction; a reaction tube configured to accom-
modate the boat and process the plurality of substrates held by
the boat; a heating unit installed around the reaction tube and
configured to heat the plurality of substrate accommodated in
the reaction tube; a temperature detecting apparatus config-
ured to detect an inside temperature of the reaction tube; a
processing gas supply unit configured to supply a processing
gas into the reaction tube; and an exhaust portion configured
to exhaust a gas from an inside of the reaction tube, wherein
the temperature detecting apparatus includes: an insulation
rod installed to extend in a vertical direction and including a
through-hole in vertical direction; a thermocouple wire
inserted in the through-hole of the insulation rod, the thermo-
couple wire including a thermocouple junction portion at an
upper end thereotf and an angled portion at a lower end of the
insulation rod; and a buffer area installed below the insulation
rod and configured to suppress a restriction of a horizontal
portion of the angled portion upon heat expansion, wherein
the thermocouple wire includes a supported portion between
an upper end surface of the insulation rod and the thermo-
couple junction portion, the supported portion supported by
the upper end surface of the insulation rod.

The sixteenth invention relates to a method of manufactur-
ing a semiconductor device in a substrate processing appara-
tus including: a boat configured to stack and hold a plurality
of substrates to be spaced apart from one another at predeter-
mined intervals in a vertical direction; a reaction tube config-
ured to accommodate the boat and process the plurality of
substrates held by the boat; a heating unit installed around the
reaction tube and configured to heat the plurality of substrate
accommodated in the reaction tube; a temperature detecting
apparatus configured to detect an inside temperature of the
reaction tube; a processing gas supply unit configured to
supply a processing gas into the reaction tube; and an exhaust
portion configured to exhaust a gas from an inside of the
reaction tube, wherein the temperature detecting apparatus
includes: an insulation rod installed to extend in a vertical
direction and including a through-hole in vertical direction; a
thermocouple wire inserted in the through-hole of the insu-
lation rod, the thermocouple wire including a thermocouple
junction portion at an upper end thereof and an angled portion
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at a lower end of the insulation rod; and a buffer area installed
below the insulation rod and configured to suppress a restric-
tion of a horizontal portion of the angled portion upon heat
expansion, wherein the thermocouple wire includes a sup-
ported portion between an upper end surface of the insulation
rod and the thermocouple junction portion, the supported
portion supported by the upper end surface of the insulation
rod, the method including rising:

accommodating the boat holding the plurality of substrates
in the reaction tube;

heating the inside of the reaction tube to a predetermined
temperature using the heating unit while detecting the inside
temperature of the reaction tube by the temperature detecting
apparatus;

processing the plurality of substrates held by the boat by
supplying the processing gas into the reaction tube by the
processing gas supply unit and exhausting the gas from the
inside of the reaction tube by the exhaust portion; and

unloading the boat holding the plurality of substrates from
the reaction tube.

What is claimed is:

1. A temperature detecting unit comprising:

a vertically extending insulation rod installed in a protec-
tion member and having a through-hole therein extend-
ing in a vertical direction; and

a thermocouple wire inserted in the through-hole of the
insulation rod, the thermocouple wire including a ther-
mocouple junction portion protruding from an upper end
of'the insulation rod, an angled portion protruding from
alower end ofthe insulation rod and a horizontal portion
disposed at a rear end of the angled portion elongated in
a horizontal direction,

wherein the horizontal portion is positioned higher than a
lowermost end of the angled portion.

2. The temperature detecting unit according to claim 1,
further comprising an insulation rod support portion support-
ing the lower end of the insulation rod, the insulation rod
support portion having a through-hole therein extending in
vertical direction and passing the thermocouple wire there-
through.

3. The temperature detecting unit according to claim 2,
wherein the angled portion is disposed in a buffer area con-
figured to suppress a restriction of the thermocouple wire
protruding from the lower end of the insulation rod upon heat
expansion.

4. The temperature detecting unit according to claim 3,
wherein the horizontal portion is disposed in the buffer area.

5. The temperature detecting unit according to claim 3,
wherein the insulation rod support portion supports the lower
end of the insulation rod at a position higher than the buffer
area.

6. The temperature detecting unit according to claim 2,
wherein the insulation rod support portion further comprises
a notch portion in communication with the through-hole of
the insulation rod support portion.

7. The temperature detecting unit according to claim 6,
wherein at least part of the notch portion is disposed in a
buffer area configured to suppress a restriction of the thermo-
couple wire protruding from the lower end of the insulation
rod upon heat expansion.

8. The temperature detecting unit according to claim 2,
wherein the protection member comprises a protection tube
extending vertically and a protection tube holder of a hollow
structure supporting the protection tube.

9. The temperature detecting unit according to claim 8,
wherein a bottom portion of the protection tube holder sup-
ports a lower end of the insulation rod support portion.
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10. The temperature detecting unit according to claim 8,
wherein the angled portion and the horizontal portion are
disposed in the protection tube holder.

11. The temperature detecting unit according to claim 8,
wherein a distance between the horizontal portion and a bot-
tom portion of the protection tube holder ranges from 10 mm
to 15 mm.

12. The temperature detecting unit according to claim 8,
wherein the angled portion is disposed in a buffer area con-
figured to suppress a restriction of the thermocouple wire
protruding from the lower end of the insulation rod in the
protection member upon heat expansion.

13. The temperature detecting unit according to claim 1,
wherein the upper end of the insulation rod supports the
thermocouple wire.

14. The temperature detecting unit according to claim 13,
wherein an upper end of the thermocouple wire and the ther-
mocouple junction portion are fixed to the upper end of the
insulation rod by an adhesive.

15. The temperature detecting unit according to claim 1,
wherein the insulation rod further comprises three through-
holes extending in the vertical direction, and two pairs of the
thermocouple wire pass through the insulation rod.

16. The temperature detecting unit according to claim 15,
wherein the insulation rod comprises a notch portion in com-
munication with the through-hole.

17. The temperature detecting unit according to claim 16,
further comprising a cylindrical cover installed at an opening
of the notch portion.

18. A substrate processing apparatus, comprising:

a reaction tube configured to process a plurality of substrates
held by a substrate holding unit configured to stack and hold
the plurality of substrates;

a heating unit installed around the reaction tube and con-
figured to heat the plurality of substrates accommodated
in the reaction tube;

a temperature detecting unit configured to detect an inside
temperature of the reaction tube;

a processing gas supply unit configured to supply a pro-
cessing gas into the reaction tube; and

an exhaust portion configured to exhaust a gas from an
inside of the reaction tube, wherein the temperature
detecting unit comprises: a vertically extending insula-
tion rod installed in a protection member and having a
through-hole therein extending in a vertical direction;
and a thermocouple wire inserted in the through-hole of
the insulation rod, the thermocouple wire including a
thermocouple junction portion protruding from an upper
end of the insulation rod, an angled portion protruding
from a lower end of the insulation rod and a horizontal
portion disposed at a rear end of the angled portion
elongated in a horizontal direction,

wherein the horizontal portion is positioned higher than a
lowermost end of the angled portion.

19. A method of manufacturing a semiconductor device

using a temperature detecting unit, the method comprising:
accommodating a plurality of substrates in a reaction tube
to heat the plurality of substrates by a heating unit
installed around the reaction tube;

controlling an inside temperature of the reaction tube based
on a temperature detected by the temperature detecting
unit comprising: a vertically extending insulation rod
installed in a protection member and having a through-
hole therein extending in a vertical direction; and a ther-
mocouple wire inserted in the through-hole of the insu-
lation rod, the thermocouple wire including a
thermocouple junction portion protruding from an upper
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end of the insulation rod, an angled portion protruding
from a lower end of the insulation rod and a horizontal
portion disposed at a rear end of the angled portion
elongated in a horizontal direction, wherein the horizon-
tal portion is positioned higher than a lowermost end of 5
the angled portion; and

processing the plurality of substrates in the reaction tube.
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